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Introduction 
 
 
             Rabbit's taxonomy involves two families (Leporids and Ochotionds) and 
twelve genera originated from wild rabbit, Lepus, Oryctolag (Oryctolagus Cunculus). 
           Rabbits were formerly classified as Rodentia at order level, but recently they 
are classified as Lagomorphs because they have six incisors while rodents have four 
incisors, according to the following dental formula: 2(I 2/1, C 0/0, P 3/2, M 3/3) =28. 
           The species, which is used in this study, is the Blanc de Bouscat, which is one 
of the important trade breeds for meat production. It came from France; it is well 
known and originated by crosses of Flemish Giant, Argente and Angora. It is a large 
rabbit with a minimum body weight of 5.0 kg for adult bucks and 5.5 kg for adult 
does (Cheeke, et al, 1987). 
      Albinos from crosses were selected and the breed was first standardized in 1924, 
although it was established at least 15 years earlier. This breed is preferred for 
commercial meat production due to its good carcass quality and their production in 
large numbers per does and at an economic rate.                        
      Rabbits are used in a wide range of commercial purposes such as meat, hair, and 
coats in addition to laboratory uses in medical researches. Some people breed rabbits 
as ornaments and for entertainment. 
         Rabbit meat production has become an important agricultural activity in many 
countries, for example France, Spain, Italy and some Middle East countries, mainly 
Egypt. 
  
        The production of coats and regal dresses from rabbit hair is established in 
U.S.A. (Yousif and Abdelaziz, 1995). 
       In Sudan, rabbits are used as laboratory animals and for entertainment. 
      The gestation period of rabbits is remarkably short, ranging between 28- 35 days. 
      Litters caring are important to avoid losses and to give normal growth. Litters are 
usually weaned between 21 and 26 days of age and they leave the nest (37ºC) and 
begin to eat at about three weeks of age (Yousif and Abdelaziz, 1995). 
      A few reports are given about the measurements of the length and weight of 
gastrointestinal segments in relation to body weight in newborn pigmy hippopotamus 
(McCance, 1974; Macdonald and Hartman, 1983 and YuB, 1997). 
       Most investigations were undertaken to study the chicken anatomy, histology, 
ultrastructure and histochemistry of the gastrointestinal tract (Dawson and Moyer, 
1946; Aitken, 1958; Hodges, 1974; Larsson, et al., 1974; Andrew, 1976b and 
Uselline, et al., 1988). 
       Histology of the gastrointestinal tract was studied in the Gallus domesticus 
(Hibbard, 1942), calf neonates (Stalely, et al., 1972), echidna (Krause, 1972), 
opossum (Krause, et al., 1975), piglets (Wooding, et al., 1978), albino rat (Zamzam, 
et al., 1980), fowl (Abdel-Shamy, 1996; El-Shamy, 1996), Suckling rat (Cornell and 
Padykula, 1969) and quail (Ahmed, 2002). 
       Several studies were undertaken to investigate gross anatomy, histology, 
ultrastructure and histochemistry of gastrointestinal tract of chicken (Dawson and 
  
Moyer, 1948; Aitken, 1958; Larsson, et al. 1974; Hodges, 1974; Andrew, 1976b and 
Uselline, et al. 1983). 
       The histology of the gastrointestinal tract was investigated in the Gallus 
domesticus (Hibbard, 1942); echidna (Krause, 1972); calf neonates (Staley, et al., 
1972); opossum (Krause, et al.1975); suckling rat (Cornell and Padykula, 1978); 
piglets (Wooding, et al., 1978); albino rat (Zamzam, et al., 1980); fowl (Abdel-
Shamy,1996; El-Shamy, 1996) and quail (Ahmed, 2002). 
       The morphology of the different portions of the gastrointestinal tract and their 
development in the rabbit was briefly documented (Zaazo, 1997 and YuB 1997).  
       In view of the increasing importance of rabbits locally and worldwide, this work 
was conducted to provide basic information about the gross anatomy, histology, 
ultrastructure and histochemistry of the mucosa of the gastrointestinal tract in rabbits 
from birth to weaning.  
 
 
 
 
 
 
 
 
 
  
CHAPTER ONE 
 
LITERATURE REVIEW 
 
  1.1. Gross Anatomy: 
 
   1.1. I. Stomach 
 
      In young mammalian embryos the stomach is mesially placed with its cardiac 
end is somewhat dorsal than its pyloric end. It is slightly curved in shape, with the 
convexity facing dorsally and somewhat caudally and the concavity facing ventrally 
and cephalically. The positional changes by which it reaches its adult relations 
involve two principle phases: (1) the stomach is bodily shifted in position so that its 
long axis no longer lies in the sagittal plane of the embryo but diagonally across it; 
and (2) there is a concomitant rotation of the convex surface, which was first directed 
dorsally, now swings to the left, and sience the long axis of the stomach in the 
meantime is acquiring an inclination, the greater curvature of the stomach becomes 
directed caudally and to the left (Carlson, 1981).      
      The mean body weight was increased with advancing age in quail (Ahmed, 
2002). It has been stated that, in neonates of rabbit, milk is clearly visible through the 
anterior abdominal wall at 0-day of age, forming a white strip called milk line 
(Yousif& Abdelazız, 1995). 
      Hodges (1974) observed that the proventriculus of the fowl was short with 
thicken wall and spindle-shaped organ lying between the esophagus and gizzard. 
  
       In domestic duck, Das, et al. (1965) found that the proventriculus was not fused 
as in the fowl but it was cylindrical in shape and of a uniform diameter. 
       In the female newborn pigmy hippopotamus the visceral blind sac and the 
glandular compartment are proportionally larger than the connecting champer, but in 
the adult male the connecting champer is the largest (Macdonald and Hartman, 
1983).  
1.1. II. Intestine 
     The primitive gut is a fairly straight tube extending throughout the length of the 
body during early embryonic life. Near its midpoint it opens ventrally into the yolk 
sac, the first conspicuous departure from the straight tube to form a hairpin- shaped 
loop in the future intestinal region. The closed end of this loop extends into the belly 
stalk and forms a series of folds. The gut between the yolk stalk and the stomach 
becomes the small intestine, except for about 2 feet of the terminal part of the small 
intestine, and the gut caudal to the yolk stalk forms the large intestine (Carlson, 
1981).          
       The definition of jejunum and ileum is not appropriate, so the small intestine is 
divided into duodenum, proximal small intestine after duodenum and distal small 
intestine before caecum in pig neonates, chicken, and quail (Nickel, et al., 1960 and 
McCance, 1974; Humphrey and Turk, 1974; and Ahmed, 2002).  
             In growing white leghorn and broiler chickens from 1 to 30 days of age, the 
small intestine is divided into duodenum, jejunum and ileum (Yamauchi and Isshiki, 
1991). This is also in balady fowl (Sana, 1996), while in the chicken, the small 
  
intestine is divided into duodenum and small intestine (Martinez, et al. 1983). 
However Yousif and Abdelaziz (1995) reported that the division of the small 
intestine into segments was difficult in rabbits. 
         Macdonald and Hartman (1983) stated that the intestine of newborn pigmy 
hippopotamus is a continuous tube and there is no caecum, so the junction between 
the small and large intestines is distinguished by an increase in the diameter. In 
growing rabbits, the relative weights of the digestive tract in relation to body weight, 
in different segments, increase linearly during the rapid growth period between 2 and 
8 weeks of age, thereafter the intestinal weight gain is slower (YuB, 1997).  In pig 
McCance (1974) observed that while the growth of the small intestine is rapid in 
early life and the large intestine grows more slowly. In quail, Ahmed (2002) reported 
that there is a marked increase in the length and diameter of the small intestine with 
the advancing age. 
1.2. Histology:  
 1.2.1. Light Microscopy 
   1.2. I.I. The Stomach 
      Histogenesis of the human gastric mucosa begins toward the end of the second 
month with the appearance of folds and the first gastric pits. During the next few 
weeks, the formation of the gastric pits and the glands associated with them spreads 
throughout the wall of the stomach and many of the specific cells involved in 
secretion begin to differentiate both morphologically and cytochemically early in the 
fetal life (Carlson, 1981).     
  
       The proventriculus of chicken, turkey, domestic duck, fowl, and quail is lined by 
a simple columnar epithelium that contains tubular glands (Atiken et al., 1958, 1983; 
Malewitz et al.1958, 2000; Das and Biswal, 1965; Hodges et al., 1974, 1985 and 
Yasir, 2002). 
        Krause, et al. (1975) stated that the gastric mucosa in opossum has a simple 
columnar epithelium with scattered lipid droplets and the parietal cells usually lie 
adjacent to the underlying basement membrane. 
       In the fowl proventriculus of 10 weeks of age the lamina epithelialis of the 
mucosal folds is formed of columnar cells, which decrease in height toward the base 
of the mucosal folds to become cubiodal in shape (El-Shamy, 1996).In rabbits age 
ranged from one to two months of both sexes, the gastric fundic region is lined by 
simple columnar epithelium (Zaazo, 1994). 
      In chicken, argentaffin cells appear in the proventriculus on the 8th day of 
incubation and on the 15th day, their size and shape become constant and achieve the 
adult pattern of distribution (Dawson and Moyer, 1948). Aitken (1958) reported that 
stomach and intestine argentaffin cells were occured quite infrequent in the mucosa 
and entirely absent in the submucosal glands. Gastrin cells are occasionally found in 
the jejunum but absent in the proventriculus (Larsson, et al., 1974). In the fowl, 
argentaffin cells are found in the proventriculus (Abdel-Shamy, 1996; El-Shamy, 
1996) and in quail they are abundant at one day after hatching and decreased with 
advancing age (Ahmed, 2002). 
  
       In rabbits, argentaffin cells couldn’t be distinguished in any part of the fundic 
gastric glands at any age of both sexes (Zaazo 1994). 
       Zaazo, (1994) stated that the proliferation of epithelial cells in the rabbits 
requires a considerable increase in the epithelial surface area during the development 
of the gastric mucosa. In the fundic mucosa, the mitotic figures are found and this is 
also true for the albino rat in early postnatal life (Zamzam, et al., 1980).  
    In Gallus domesticus, the gastric glands become  more prominent on the 7th day, 
the simple pockets begin to branch on the 10th day and the branching pattern become 
increasingly complex on the 11th, 12th and 13th days and the branching of the gland is 
greater and the rapidly dividing cells become small in size (Hibbard, 1942). However 
Farner (1960) stated that the glands of birds penetrate into the muscularis mucosa 
during the stomach development to separate it into inner and outer layers. The 
muscularis mucosa is found below the glands and sometimes in contact with the 
tunica muscularis in chicken (Calhoun, 1954) However Malewits and Calhoun 
(1958) are of the opinion that the thick muscularis mucosa of turkey is located above 
and beneath the glands.   
1.2. I.II. The Small Intestine  
      In human, the duodenal epithelium begins a phase of rapid proliferation early 
during the second month of life and the continuity of the intestinal lumen is usually 
restored. At about this age, aggregates of mesodermal cells begin to invade the 
stratified intestinal epithelium, resulting in developing small secondary lumina 
beneath the surface. Coalesence of the secondary lumina and continued mesodermal 
  
growth results in the formation of minute fingerlike intestinal villi, which greatly 
increase the absorptive surface of the intestine. The different intestinal cell types 
begin to differentiate during the phase villus formation (Carlson, 1981).       
         Atiken (1958) found that the surface epithelium of the intestine in chicken is 
simple columnar with goblet cells scattered among this epithelium.  El-Shamy (1996) 
studied the lining epithelium of 10 weeks old fowl and observed that the columnar 
epithelium of the intestinal crypts contained more numerous goblet cells than 
intestinal villi. Abdel-Shamy (1996) studied the balady fowl and reported that the 
epithelium of the intestinal villi consists of tall columnar cells, goblet cells and 
argyrophilic endocrine cells. In fayoumi fowl, (Salem, 1985) the lamina epithelials 
consists of mucous secreting columnar cells. El-Zoghby (2000) is of the opinion that 
simple columnar epithelium with enterochromaffin cells cover the villi of turkeys of 
different age. In chicken, the mucosa is composed of finger-like villi and simple 
tubular glands (crypts of Lieberkuhun), which open into the intestinal lumen at the 
bases of the villi. The villi are broad in the distal small intestine. Branched villi are 
common throughout the small intestine. The lamina propria contains capillaries, 
smooth muscle fibers, connective tissue, fibroblasts, lymphocytes, and plasma cells. 
Lacteals are not identified and Brunner’s glands are not found (Humphrey and Turk, 
1974). 
        Observations on the intestinal villi of the jejunum and ileum from day one after 
hatching showed finger-like villi in growing white leghorn and broiler chickens. The 
  
villi then developed to a wave-like shape in the jejunum and a tongue-like shape in 
the ileum at the 30th day of age (Yamauchi and Isshiki, 1991). 
        The small intestinal villi of suckling rabbits at 2 weeks of age, compared with 4 
weeks of age, are more slender and finger-like in the suckling period. Thereafter, 
they become broader or tongue-like or plate-shaped in mature rabbits. The 
underdeveloped hindgut mucosa shows a compact arrangement at 2 weeks of age, but 
after weaning as hindgut fermentation becomes significant, the mucosa increases in 
surface area (YuB, 1997). 
        At 2 days of age, the villi of turkey are quite tall, finger-like and very closely 
packed. They become compressed and tongue-shaped at 16 days of age. The 
intestinal glands become longer and more numerous and are closely packed when 
compared to the previous stages. The villi are decreased in length toward the ileum. 
Argentaffin cells were less numerous in the distal portion of the intestine. The mast 
cells are not detected. The lamina propria contains lymphocytic infiltration. The 
intestinal glands decrease in number toward the end of the small intestine. The 
submucosa is thin at 2 days of age and is well developed at 8 days of age (El-Zoghby, 
2000). 
       In chicken, the glands are simple tubules, slightly coiled and lined by stratified or 
pseudostratified columnar epithelium. Brunner’s glands are apparently lacking, and 
paneth cells are not present in the small intestine (Aitken, 1958).   
        Larsson, et al. (1974) stated that gastrin cells are occasionally found in the 
jejunum but absent in the proventriculus of chicken, while Ahmed (2002) found that 
  
the ileum contains the smallest number of argentaffin cells in quail immediately after 
hatching. 
1.2. I.III. The Large Intestine  
       El-Zoghby (2000) reported that the caecum of turkey, at different ages, has the 
greatest number of goblet cells and there were many crypts of Liebrkuhun in its 
proximal part.   
        In quail, at post-hatching period, the caecum contains the smallest number of 
argentaffin endocrine cells (Ahmed, 2002). 
        The colon of the newborn opossum is lined by either a simple or pseudo 
stratified columnar epithelium with numerous large lipid droplets. Numerous goblet 
cells are observed and basal invaginations appear and these may represent intestinal 
glands while colonic mucosa shows numerous folds (Krause, et al., 1977).  
 1.2. II. Electron Microscopy 
  1.2. II.I. The Stomach  
        The stomach of the suckling echidna is lined by a tall columnar epithelium that 
is bounded basally by a delicate basement membrane. The epithelium is characterized 
by an abundance of mitochondria and paucity of other organelles. Scattered 
argentaffin cells are found between the bases of the gastric lining epithelium and rest 
upon the luminal side of the basement membrane (Krause, 1972). 
         In the opossum, the postnatal gastric lining epithelium is composed of columnar 
cells with centrally placed elongated nuclei. The cells are undifferentiated and 
  
contain only scattered organelles and a few stubby microvilli at their apical surface. 
Parietal cells are usually columnar or pyramidal in shape and are found deep within 
the epithelium at the bases of the other cell types (Krause, et al., 1975). 
         Andrew (1976b) stated that around the time of hatching, the general 
ultrastructural features of the gastric endocrine cells of chicks recognized by the 
morphology of their secretary granules. Desmosomes rarely link an endocrine cell 
with an ordinary epithelial cell. Endocrine cells are numerous in the proventriculus. 
Uselline, et al. (1983) mentioned that the endocrine cells are scattered among the 
surface epithelium and the epithelial cells that line the tubular glands.  
1.2. II.II. Small and Large Intestines  
        In the opossum, the absorptive cells that line the small intestine during postnatal 
life exhibit invaginations on their apical plasma membrane, forming a dense network 
of tubules and adjacent to this network there is a series of small vacuoles of varying 
size. The small intestine absorptive cells contain numerous profiles of smooth 
endoplasmic reticulum, several Golgi staks, many mitochondria in the cytoplasm and 
clusters of homogeneous droplets (Krause, 1972). 
        Stalely, et al. (1972) reported that the small intestine microvilli of calf neonate 
are developed quite early and tubules or invaginations in the apical cytoplasm are 
extensive and large supranuclear vacuoles are found in the ileal cells. 
        Michael and Hodges (1973) mentioned that the most conspicuous modification 
of the cell membrane in fowl normal intestine is the apical striated border which is 
  
composed of numerous long cylindrical microvilli of about 2 um long and 0, 08 um 
in diameter. The microvillus core contains bundles of fine filaments extending from 
the apex of the villus down into the underlying terminal web. Apically, there is a 
tight junction (zonula occluden) and intermediate junction (zonula adherence). The 
lateral cell membranes have interdigitations with adjacent cells. The organelles are 
particularly concentrated above the Golgi complex and basally below the nucleus. 
Rough endoplasmic reticulum may be seen throughout the cytoplasm. Ribosomes are 
found free in the cytoplasm in the form of rosettes. A well-developed Golgi complex 
lies supranuclearly. The cytoplasm also contains a number of lysosome-like bodies 
which are almost entirely restricted to the supranuclear position. 
                In chicken jejunum, from day one to 14 weeks of age, microvilli are 
present on the surface of the goblet cells. Microvilli of the absorptive epithelial cells 
of the intestinal mucosa of chicken are dense. This shows a greater potential yield for 
absorptive efficiency (Bayer, et al., 1975). 
        In chicks’ embryo, the endocrine cells of the gastrointestinal tract could be 
classified into seven types; the classification is based on the shape and size of the 
secretary granules. Such classification documents cells with polymorphic granules, 
cells with round granules of variable density, cells with electron dense granules, cells 
with angular electron dense granules, cells with round to oval granules of less 
electron density and cells with granules of irregular shape. It is concluded that the 
majority of the gut endocrine cell types are derived from the endoderm and not from 
the neural crest (Andrew, et al., 1982).       
  
        Andrew (1976a) described that the chicks’ intestinal endocrine cells, around the 
time of hatching, are very few in the caeca. A few cells are seen to reach the lumen 
where the narrow apex of these cells is flanked by a junctional complex and they may 
or may not bear microvilli.  
           In rabbit (4 to 6 months) Paneth cells were confined to the base of the crypts 
of lieberkuhn and were alwasy more numers in the distal than in the proximal parts of 
the small intestine. Their granules were large, spherical and were usually confined to 
the apical half of the cells (Abdel-Magied and Taha, 1995).  
          In the suckling rat, the ileal absorptive cells are normally free of lipid droplets, 
but emulsified lipid is introduced into the neonatal ileum; it enters into the 
cytoplasmic smooth membrane system, including the supranuclear body (Cornell and 
Padykula, 1969). 
        In the newborn opossum, the epithelium of the small intestine and the colon 
possesses an extensive apical endocytic complex, numerous dense irregular 
aggregates of material in the supranuclear region and large lipid droplets.          A 
delicate connective tissue, which contains blood vessels, forms the core of the 
developing villi (Krause, et al., 1977). 
           The colon of piglets at birth has epithelial cells with villus-like protrusion and 
these protrusions are not seen in the 2-days old piglets (Wooding, et al., 1978).  
 
 
  
1.3. Histochemistry 
 1.3. I. The Stomach 
        Krause, et al. (1975) observed that, in both pre- and post weaning, the gastric 
epithelial cells showed fair intensity of reaction with PAS. Ahmed (1977) mentioned 
that the lining epithelium in Peking ducks gave a strong reaction to PAS technique, 
and Salem (1982) added that the collecting sinuses of proventricular glands reacted 
with PAS stain in growing Sudanese ducks. In  the fowl of 10 weeks of age, of the 
proventricular lamina epithelialis showed positive reaction with PAS (Abdel-Shamy, 
1996El-Shamy, 1996;) while in turkey of 2days of age, the epithelium  reacted 
strongly with PAS technique (El-Zoghby, 2000). 
1.3. II. Small and Large Intestines 
       In the quail, during post-hatching period, the lamina epithelialis of the intestinal 
villi and the cells of the glands react positively with PAS stain and the reaction 
increases with advancing age (Ahmed, 2002). 
 
 
 
 
 
  
CHAPTER TWO 
 
MATERIAL AND METHODS 
 
2. I. Material 
        The present study was conducted on 50 animals of the Blanc de Bouscat rabbit 
(Lepus cuniculus) which was obtained from the poultry farm for research - 
department of animal production - faculty of agriculture- Assuit University- Egypt. 
 The newborn rabbits which were examined quietly; the dead and anomalous 
ones were removed and we made sure that the stomach was filled with milk, which 
appeared as white strip under the skin of the abdomen (Yousif and Abdelaziz, 1995).       
        Six groups of male neonates were used in this investigation and their ages were 
as following: 
1- 0-day of age (suckling neonates). 
2- 6 days of age (suckling neonates). 
3- 12 days of age (suckling neonates). 
4- 18 days of age (suckling &feeding neonates). 
5- 24 days of age (suckling &feeding neonates). 
6- 30 days of age (after weaning in 24 days).     
         All animals had access to milk, diet, and tap water, ad lib. The diet was dry and 
composed of carbohydrate, protein, minerals, vitamins, mainly vitamin A, in addition 
to anticocsidial agent. 
 
  
2. II. Methods: 
 2. II.1. Gross Anatomy: 
        Weight, length of crown rump, and length of fore limb of each group consisted 3 
animals were recorded. 
 Dissection.      
       The rabbits were anesthetized with chloroform, as proposed by Asaria, et al. 
(1989). The wall of the abdomen was opened and the gastro-intestinal tract (GIT) 
(Figs.1, 2) were then dissected out carefully, without pulling or stretching it .The 
omentum, fat and mesenteric blood vessels associated with the different portions of 
the gut was dissected away with scissors, but the mesentery encircling the gut was 
left in situ (McCance, 1974). The stomach was emptied from its contents before 
washing by normal saline. 
  GIT length (cm). 
        The length of the various segments of the GIT were stretched by gentle pressure 
and the lumina were flushed out with little normal saline and then emptied by 
pressure (McCance, 1974). The greater and lesser curvatures of the stomach and the 
different segments of the intestine (small and large) were measured. 
GIT weight (gm). 
        The different segments of the GİT were externally dried with absorbent paper 
and the weight of the stomach and the different segments of the intestines (small and 
large) were recorded by using a sensitive balance. 
  
    GIT volume (cm³). 
The stomach and the intestine were removed as quickly as possible, and the water 
displacement technique was used for the determination of the volume of the stomach 
and the different segments of the intestines (small and large) by using graduated 
cylinder (Aherne and Dunnil, 1982). 
2. II.2. Histology:  
        Small pieces of tissue, about 1x1x1cm³ in sizes, were excised from the fundic 
region of the stomach, proximal small intestine, distal small intestine, the caecum and 
the colon. 
        The tissues were fixed by immersion in different types of fixatives, which 
included: Bouin’s fluid, 10% formalin and 10% formal saline (culling, 1973). 
        The tissues were processed routinely, dehydrated in ascending grades of ethanol 
(70%, 90%, and 100%, 2 hours for each change). The tissues were cleared in 
chloroform or methyl benzoate for 12-24 hours and were then transferred to the first 
change of molten paraffin (mp.55-60) in an oven for three changes, one hour for each 
change. 
        The samples were blocked in paraffin wax and the blocks were trimmed and 
sections of about 5-7µm thick were cut on a ratory microtome. The sections were 
finally mounted on clean glass slides. 
       The sections were stained with hematoxyline and eosin (H&E) for general 
histology (Drury and Wallington, 1980). 
  
        Histometrical measurements were carried out in segments longitudinally cut to 
determine the length of the crypts, the thickness of the fundic mucosa and the length 
and width of the intestinal villi. Olympus microscope (kc-267145-Tokyo), with 
ocular micrometer lens X6 was used. The objective lens X10 was used for 
determining the measurements, after calibrating the ocular scale of the microscope 
(Thienpont, Rochette and Vamparijs, 1986). 
       Nine measurements were recorded for the stomach, the proximal small intestine 
and the distal small intestine from three animals of each group and the average was 
calculated.       
2. II.3. Ultrastructure:  
        Additional pieces of tissue for ultrastructural studies were taken from animals of 
different ages. The tissues were taken from the fundic region of the stomach, the 
proximal small intestine, the distal small intestine, the caecum and the colon. 
        Small pieces of tissue (1x1mm in diameter) were taken immediately after the 
animal was anesthetized and fixed rapidly in 5% gluatraldehyde in phosphate buffer 
at a PH of 7. 4 for 2- 4 hours at 4°C. The blocks were then washed every 10 minutes 
for 30-60 minutes in phosphate buffer using shaker machine. The tissues were post-
fixed in 1% osmic acid for 2 hours, and then washed in phosphate buffer every 10 
minutes for 30-60 minutes, using a shaker machine. 
Dehydration was carried out in ascending grades of ethanol, 50% and 70% alcohol 
for 30 minutes using shaker machine or 70% alcohol for several days without 
shaking, 90% alcohol for 30 minutes and absolute alcohol for 30 minutes for two 
  
changes. Then the blocks were immersed in propylene oxide for 30 minutes, and 
transferred to a solution containing propylene oxide (a) plus mixture (b) composed of 
EPON 15ml, ARALDITE 15ml and DDSA 36ml for 30 minutes. The ratio of a: b 
was 1:1.The blocks were finally left in the mixture (b) for 2 hours. Then 
Dimethylaminomethyl phenol (DMP30 1. 5%) was added to the mixture to make it 
hard for blocking, and the blocks were kept in an oven at 60°C for 48 hours. Semi- 
thin sections (0.5µ) were cut on a LKB or a Reichert-ultra microtome, using glass 
knives, and were then stained with toluidine blue and examined with the light 
microscope.      
        The desired regions for electron microscopy were then selected and ultrathin 
sections were cut with glass knives or diamond knives. The sections were mounted 
on uncoated copper grids, treated with 2% uranyl acetate for 30-60 minutes, washed 
in distilled water and then treated with lead citrate for 15 minutes. They were then 
washed, dried and examined in a Zeiss EM 109 electron microscope (Bancroft and 
Stevens, 1996). 
2. II.4. Histochemistry: 
        Material for histochemical investigation was obtained from the suckling 
neonates (6days), the feeding and suckling neonates (18days) and after weaning 
(30days) as quickly as possible after anesthesia. Pieces of tissue were taken from the 
fundic region of the stomach, the proximal small intestine, the distal small intestine 
and the colon. 
 
  
 Carbohydrates           
            Neutral mucopolysaccharide was investigated in tissues fixed in Bouin`s fluid 
and Gender`s fluid at 4ºC and processed for paraffin sections and stained with 
Periodic acid-Schiff (PAS) technique (Culling, 1973). The glycogen was investigated 
in tissue fixed in Gendre`s fluid and stained with PAS technique.   
Control sections for glycogen were treated either with saliva or 0. 1% malt diastase.  
  
CHAPTER THERE 
RESULTS 
3. I. Gross Anatomy:                 
 3. I.I. External Body Measurements 
   Body Weight 
      The mean body weight of suckling neonates was found to be as follows: 47gms 
(grams) at 0-day of age, 76.7gms at 6 days of age and 147.6gms at 12 days of age. 
The weight of the suckling and feeding neonates was found to be 151.9gms at 18 
days of age, 406.9gms at 24 days of age while at 30 days of age (after weaning) it 
was found to be 253.5gms (Table1.P.29). 
The mean body weight increased gradually with advancing age and then decreased at 
30 days of age, after weaning (Fig.3). 
  Crown Rump Length 
      The mean crown rump length of suckling neonates was found to be 9.9 
centimeters (cm) at 0-day of age, 12.7 cm at 6 days of age, 16 cm at 12 days of age 
while in the suckling and feeding neonates it was 17.1 cm at 18 days of age, 23.6 cm 
at 24 days of age and 22.6 cm at 30 days of age (after weaning) (Table.1.P.29). 
      The mean crown rump length increased with advancing age and slightly 
decreased at 30 days of age, after weaning (Fig.4). 
 
 
  
  Forelimb Length 
      The mean fore limb length of suckling neonates measured 3.5cm at 0-day of age, 
4.2cm at 6 days of age, 5.5cm at 12 days of age while that of suckling and feeding 
neonates it was 6.8cm at 18 days of age, 9.9cm at 24 days of age and 9.8cm at 30 
days of age (after weaning) (Table.1.P.29). 
The mean fore limb length increased with the advancing age and slightly decreased at 
30 days of age, after weaning (Fig.4). 
3. I.II. Measurements of GIT Portions  
 3. I.II.I. Weight 
  The Stomach 
     The stomach was seen as a large dilatation of the alimentary canal situated on the 
left side of the abdominal cavity behind the diaphragm in all age groups investigated; 
intervened between the oesophagus and the small intestine. The stomach was C-
shaped sac when filled with food and the convexity was directed ventro-horizontally 
just like that of adult males (Figs. 1, 2). 
      The mean stomach weight of suckling neonates at 0-day of age was 1.3grams 
(gm), at 6 days of age was 1.3gm, at 12 days of age was 2.4gm, in the suckling and 
feeding neonates at 18 days of age was 2.4gm, at 24 days of age was 5.9gm, and at 
30 days of (after weaning) was 4.96gm (Table.2.P.30). The mean stomach weight 
increased with advancing age and slightly decreased at 30 days of age (after 
weaning) (Fig.5). The mean stomach weight at 0-day and 6 days of age was the same. 
It was also observed that there was no change in the mean stomach weight at 12 and 
  
18 days of age (Fig.3). The ratio between the mean stomach weight and the mean 
body weight decreased with increasing age and increased at 30 days of age (after 
weaning) (Table.2.P.30).    
 The Small Intestine  
      The small intestine of all groups consisted of duodenum, proximal portion (after 
the duodenum) and distal portion (before the caecum). 
      The mean small intestine weight of the suckling neonates at 0-day of age was 
1.8gm, 2.5gm at 6 days of age, and 5gm at 12 days of age. In the suckling and 
feeding neonates at 18 days of age, 5.4gm, at 24 days of age, 15.1gm and at 30 days 
of age, (after weaning) it was 12 gm (Table.3.P.31).The mean small intestine weight 
increased with advancing age and decreased at 30 days of age (after weaning) 
(Fig.6). The ratio between the mean small intestine weight and the mean body weight 
increased with advancing age, and the ratio was decreased at 6 days of age when 
compared with 12 days of age (Table.3.P.31).       
 The Large Intestine  
      The large intestine of all groups consisted of a large sacculated caecum,   small 
sacculated colon, an appendix and a rectum. 
      The mean large intestine weight of the suckling neonates was found to be 0.8gm 
at 0-day of age, 0.8gm at 6 days, 1.8gm at 12 days, while in the suckling and feeding 
neonates 2.2gm at 18 days of age, 8.3gm at 24 days of age and 15gm at 30 days of 
age (after weaning) (Table.4.P.32). The mean large intestine weight increased with 
  
advancing age and at 0-day and 6 days of age the mean large intestine weight was the 
same (Fig.7). 
The ratio between the mean large intestine weight and the mean body weight was 
increase at 6 days of age and then decreased with advancing age (Table.4.P.32). 
 3. I.II.II.Volume 
   Stomach 
       The mean stomach volume of suckling neonates at -day of age was found to be 
1.2cm³ at 0 and 6 days, 2.3cm³ at 12 days, while in suckling and feeding neonates 
2.4cm³ at 18 days of age, 6cm³ at 24 days of age, and 5cm³ at 30 days of age (after 
weaning) (Table.2.P.30). The mean volume stomach increased with advancing age 
(Fig.8). The mean stomach volume at 0-day of age was equal to that of 6 days while 
at 30 days (weaned neonates) it has slightly decreased (Fig.8). 
The ratio of the mean stomach weight to the stomach volume was approximately 1 
gm of weight equalled to 1cm³ of volume (Fig.9). 
 The Small Intestine  
       The mean small intestine volume of suckling neonates at 0-day of age was found 
to be 1.6cm³, at 6 days of age was 2.4cm³, and at 12 days of age was 4cm³. In the 
suckling and feeding neonates at 18 days of age was 5.4cm³, at 24 days of age was 
15cm³ and at 30 days of age (weaned neonates) was 11.3cm³ (Table.3.P.31). The 
mean small intestine volume increased with advancing age and decreased at 30 days 
of age (after weaning) (Fig.10). The ratio of the mean small intestine weight to its 
volume was 1 gm of weight equaled approximately to 1cm³of volume (Fig.11).   
  
 The Large Intestine   
       The mean large intestine volume of suckling neonates at 0-day of age was 
0.9cm³, at 6 days of age was 0.8cm³, and at 12 days of age was 1.8cm³.In  the 
suckling and feeding neonates 18 days old it was 2.2cm³, at 24 days it was 8.0cm³, 
and at 30 days weaned neonates it was 14.5cm³ (Table.4.P.32).The mean large 
intestine volume increased with advancing age and it was the same at 0-day and 6 
days of age (Fig.12).One gram of the mean large intestine weight  approximately 
equalled to  1 cm³ of volume (Fig.13). 
3. I.II.III. Length 
  The Stomach 
       The mean length of the greater curvature of the stomach of suckling neonates 
was found to be 6 cm at 0-day of age, 7.3cm at 6 days of age and 10cm at 12 days of 
age. In the suckling and feeding neonates it was 11cm at 18 days of age, 15.2cm at 24 
days of age, and 14cm at 30 days of age (after weaning) (Table.2.P.30). The mean 
length of the stomach greater curvature increased with advancing age and slightly 
decreased at 30 days of weaned neonates (Fig.14). The mean lesser curvature of 
suckling neonates was 1.9cm at 0-day of age, 2.4cm at 6 days of age, and 3cm at 12 
days of age. In the suckling and feeding neonates at 18 days of age it was 3.2cm, at 
24 days of age was 4.7cm, and at 30 days of age (after weaning) it was 4.9cm 
(Table.2.P.30). The mean length of the stomach lesser curvature has increased with 
advancing age (Fig.14).  
 
  
 The Small Intestine 
         The mean small intestine length of suckling neonates was 45.5cm at 0-day of 
age, 54.6cm at 6 days of age and 102cm at 12 days of age. The suckling and feeding 
neonates 93.4cm at 18 days of age, 137cm at 24 days of age, and 123cm at 30 days of 
age (after weaning) (Table.3.P.31).The mean small intestine length increased with 
advancing age and decreased at 18 days of age and increased at 24 days and once 
again decreased at 30 days of age (Fig.15). 
 The Large Intestine 
       The mean large intestine length of suckling neonates at 0-day of age was 20.7cm, 
at 6 days of age was27.6cm and at 12 days of age was 44.3cm. In the suckling and 
feeding neonates 18 days old was 43.0cm, at 24 days of age was 72.3cm and at 30 
days of age (weaned neonates) was 92.0cm (Table.4.P.32).It appeared that the same 
pattern of the mean length of the small intestine in relation was found in the large 
intestine, an increasment from day 0 to day 12 followed by a decreased at day 18, 
then an increase at day 24 and a decrease once again at day 30 (Fig.16). The large 
intestine length increased with advancing age but decreased at 18 days of age and 
increased at 24 days and 30 days of age (Fig.16). 
  
Table.1. Showing the means of the body weight (w.), the crown rump length 
(C.R.L.) and the forelimb length (L.) 
Age 
(days) 
Body w. 
(gm) 
C.R.L. 
(cm) 
Fore limb L. 
(cm) 
            0 47.00 9.86 3.56 
            6 76.73 12.70 4.23 
            12 147.73 16.00 5.50 
            18 151.93 17.13 6.86 
            24 406.96 23.60 9.96 
            30 253.53 22.63 9.83 
                    
 
  
Table.2. Showing the means of the biometrical data of the stomach weight (W.), 
volume (V.), greater curvature length (GC.) and lesser curvature length (LC.), and 
the means of the body weight (BW.) according to days and the ratio (R.) between the 
means of the stomach weight and the body weight. 
Age 
(days) 
W. 
(gm) 
V. 
(cm³) 
GC. 
(cm) 
LC. 
(cm) 
BW. (gm) R. 
0 1.3 1.2 6.0 1.9 47 1: 36 
6 1.3 1.2 7.3 2.4 77 1: 59 
12 2.4 2.3 10.0 3 148 1: 62 
18 2.4 2.4 11.0 3.2 152 1: 63 
24 6.0 6.0 15.2 4.7 407 1: 68 
30 5.0 5.3 14.0 4.9 254 1: 51 
 
 
 
 
 
 
 
 
  
Table.3. Showing the means of the biometrical data of the small intestine weight 
(W.), volume (V.), length (L.), body weight (BW.), and the ratio (R.) between the 
means of the small intestine weight and the body weight. 
Age 
(days) 
W. (gm) V. (cm³) L. (cm) BW. (gm) R. 
0 1.8 1.6 45.5 47.0 1: 26 
6 2.5 2.4 54.6 76.7 1: 37 
12 5.0 4.0 102.0 147.6 1: 30 
18 5.4 5.4 93.4 151.9 1: 29 
24 15.1 15.0 137.3 407.0 1: 27 
30 12.0 11.3 123.2 253.5 1: 21 
 
 
 
 
 
 
 
 
 
  
Table.4. Showing the means of the biometrical data of the large intestine weight 
(W.), volume (V.) and length (L.) and the body weight (BW.), and the ratio (R) 
between the body weight and large intestine weight according to age in days. 
Age 
(days) 
W. (gm) V.(cm³) L. (cm) BW. 
(gm) 
R. 
0 0.8 0.8 20.7 47 1: 59 
6 0.8 0.8 27.6 77 1: 96 
12 1.8 1.8 44.3 148 1: 82 
18 2.2 2.2 43.0 152 1: 65 
24 8.3 8.0 72.3 407 1: 49 
30 15.0 14.5 92.0 254 1: 17 
 
3. II. Histology:  
 3. II.I. Light Microscopy 
  The Fundic Region of the Stomach 
      At the age of 0-day, the fundic mucosa was thrown into small folds. These folds 
were lined by a simple striated columnar epithelium with elongated and centrally 
situated nuclei. The apical portion of the cytoplasm of a few epithelial cells contained 
granules and small vacuoles. At the base of the folds, a few cross sections of glands 
were seen. Shallow gastric pits were noticed within the gastric folds and between 
each two pits there were 2 or 3 surface epithelial cells. A few parietal cells and chief 
  
cells were observed. The parietal cells were pyramidal or spherical in shape and 
possessed oval and faintly stained nuclei, and the chief cells were also pyramidal in 
shape but possessed oval and darkly-stained nuclei. There were some also cuboidal 
epithelial cells with oval nuclei. Mitotic figures were frequently noticed in the 
glandular cells. A few giant cells were observed in the lamina propria of loose 
connective tissue. These cells were large, spherical or oval in shape and 
multinucleated. The smooth muscle fibers of the lamina muscularis mucosa formed a 
circular layer and strands of smooth muscle fibers and connective tissue extended 
between the glands and the cores of the folds. The submucosa was composed of loose 
connective tissue (Fig.17).  
        At the age of 6 days, the mucosa formed irregular pits and the gastric pits were 
deep. These pits were covered by simple striated columnar epithelial cells that 
contained granules and numerous vacuoles. The glands contained parietal and chief 
cells. The lamina propria and the submucosa consisted of loose connective tissue.  
The muscularis mucosa was arranged in inner longitudinal and outer circular layers 
of smooth muscle fibers (Fig.18).  
        At the age of 12 days, the mucosa was in the form of irregular pits and the 
gastric pits depth was increased. Simple striated columnar epithelial cells with 
numerous vacuoles and granules lined these pits. The glands contained more parietal 
and chief cells. The glands were separated by the loose connective tissue of the 
lamina propria. Mitotic figures were prominent in the pits and the glands. The 
muscularis mucosa consisted of smooth muscle fibers, which were arranged, in 
  
longitudinal and circular layers. The submucosa was in the form of loose connective 
tissue rich in blood vessels.  
      At the age of 18 days, suckling and feeding neonates, the mucosa was arranged in 
very deep pits (Table.5.P.46) covered by simple columnar epithelial cells with 
granules and less cytoplasmic vacuoles than in the younger groups. The glands 
contained parietal and chief cells and they were separated by loose connective tissue 
and strands of smooth muscle fibers extended from muscularis mucosa, which was 
arranged in inner circular and outer longitudinal layers (Fig.19). 
      At the ages of 24 day, the thickness of the fundic mucosa decreased and the pits 
were short (Table.5.P.46) and covered by simple striated columnar epithelial cells 
with a pale apical cytoplasm The muscularis mucosa was arranged in inner circular 
and outer longitudinal layers (Fig.20). The fundic glands consisted of an isthmus, a 
neck, and a base and the surface epithelial columnar cells lined the isthmus. Mucous 
neck cells with granules and parietal cells lined the neck and the base of the glands 
(Fig.21).  
      At the age of 30 days, weaned neonates, the thickness of the fundic mucosa was 
very much increased (Table.5.P.46). Each fundic gland consisted of an isthmus, a 
neck, and a base. The surface epithelial columnar cells lined the isthmus. The neck 
was lined by mucous neck cells with a few granules and a few parietal cells (Fig.22). 
The base consisted mainly of chief cells. The parietal cells were scattered 
in the different parts of the glands.  
  
  The Small Intestine: 
   The Proximal Small Intestine  
      At 0-day of age, the mucosa was composed of short irregularly shaped villi lined 
by striated simple columnar epithelial cells. The nucleus was oval in shape and 
basally situated. Mitotic figures were many. The crypts opened adjacent to the bases 
of villi as simple, branched, tubular invaginations with aggregated epithelial cells. 
Loose connective tissue from the lamina propria extended to the villus core. The 
lamina muscularis mucosa was arranged in a circular layer and the submucosa was a 
thin layer of connective tissue (Fig.23). 
      At 6 days of age, the mucosa consisted of long cylindrical villi lined by striated 
columnar epithelial cells with a few scattered goblet cells. The intestinal crypts 
opened adjacent to the bases of the villi as simple, branched, tubular invaginations. 
The lamina propria consisted of loose connective tissue, and the muscularis mucosa 
was arranged in a circular layer. Strands of smooth muscle fibers and connective 
tissue extended between the crypts into the villar cores. The submucosa was a thin 
layer of loose connective tissue (Fig.24). 
      At 12 days of age, the mucosa was composed of long cylindrical villi lined by 
simple striated columnar epithelial cells with basal elongated nuclei and apical 
vacuolated cytoplasm; the columnar cells were short at the base of the villi. Goblet 
cells were interspersed among the epithelial cells. The intestinal crypts opened 
adjacent to the base of the villi as simple, branched, tubular invaginations (Fig.25). 
  
The lamina propria consisted of loose connective tissue and the muscularis mucosa 
consisted of smooth muscle fibers circularly arranged, and strands of smooth fibers 
and connective tissue formed the cores of the villi and between the crypts. Mitotic 
figures were found in the villi epithelial columnar cells. 
      At the age of 18 days, suckling and feeding neonates, the mucosa was composed 
of long and short cylindrical villi lined by striated simple columnar cells with oval 
basally situated nuclei, and goblet cells were interspersed among the epithelial cells. 
The intestinal crypts opened adjacent to the base of each villus as simple, branched, 
tubular invaginations. The lamina propria consisted of loose connective tissue and 
contained the intestinal crypts. The muscularis mucosa consisted of smooth muscle 
fibers, which are arranged in a circular layer. Strands of smooth muscle fibers from 
the muscularis mucosa and connective tissue formed the cores of the villi and 
between the crypts. Phagosomes were noticed in some columnar epithelial cells and 
villar cores. Lymphatic vessels were observed inside some villi. (Fig.26). The 
submucosa consisted of loose connective tissue. 
      At 24 days of age, the mucosa consisted of long cylindrical villi with permanent 
secondary folds, lined by simple striated columnar epithelial cells and goblet cells 
were interspersed among them. The intestinal crypts opened adjacent to the base of 
the villi as simple, branched, tubular invaginations. The lamina propria and 
muscularis mucosa were similar to those of younger groups. 
      At 30 days of age, weaned neonates, the mucosa was composed of short club-
shaped villi, lined by simple striated columnar epithelial cells and goblet cells were 
  
seen among them. Several phagosomes were seen in the epithelial columnar cells and 
in the lamina propria. Many mitotic figures were noticed in the epithelial columnar 
cells (Fig.27). The other layers were similar in structure to those of younger groups.  
 The Distal Small Intestine  
       In suckling neonates at 0-day of age, the mucosa was composed of long and 
short villi lined by simple or pseudostratified striated columnar epithelial cells with 
oval and basally situated nuclei and apical vacuolated cytoplasm. A large number of 
mitotic figures were seen. The presence of goblet cells was a prominent feature. 
The intestinal crypts were in the form of simple, branched, tubular invaginations with 
many mitotic figures in their epithelium (Fig.28). 
      The lamina propria consisted of loose connective tissue and the muscularis 
mucosa was poorly developed and consisted of smooth muscle fibers, which were 
arranged in a circular layer. Strands of smooth muscle fibers and connective tissue 
extended between the intestinal crypts into the villar cores. The submucosa consisted 
of loose connective tissue. 
       At the age of 6 days, the mucosa was composed of cylindrical villi covered by 
simple striated columnar epithelial cells with a large apical vacuolated cytoplasm. 
Goblet cells were prominent. The intestinal crypts were in the form of simple, 
branched, tubular invaginations. The lamina propria consisted of loose connective 
tissue followed by muscularis mucosa of smooth muscle fibers. Strands of smooth 
muscle fibers and connective tissue extended into the villar core and around the 
crypts. The submucosa was in the form of loose connective tissue (Fig.29) 
  
      At 12 days of age, the mucosa contained large cylindrical villi lined by simple 
striated columnar epithelial cells with small vacuoles in the cytoplasm and clear 
intercellular spaces. Goblet cells were present. The intestinal crypts opened adjacent 
to the bases of the villi as simple, branched, tubular invaginations.  
The lamina propria and the lamina muscularis mucosae were similar to those of 
younger groups. Strands of smooth muscle fibers and connective tissue interdigitated 
between the intestinal crypts and inside the villar cores. The submucosa consisted of 
loose connective tissue rich in blood vessels (Fig.30). 
      At the age of 18 days, suckling and feeding neonates, the mucosa was composed 
of cylindrical villi covered by simple striated columnar epithelial cells. Goblet cells 
were present. The intestinal crypts opened adjacent to the base of villi as simple, 
branched, tubular invaginations. The lamina propria and the submucosa consisted of 
loose connective tissue and separated from each other by muscularis mucosa of 
smooth muscle fibres. Strands of smooth muscle fibres and connective tissue 
interdigitated between the crypts and inside the villar cores, which also contained 
blood and lymphatic vessels (Fig. 31).  
      At 24 days of age, the mucosa consisted of cylindrical villi covered by simple 
striated columnar epithelial cells with goblet cells interspersed among them. There 
was a homogenous and heterogeneous acidophilic material in the cytoplasm specially 
around the nuclei. The lamina propria was separated by the muscularis mucosae of 
smooth muscle fibers form the submucosa. Strands of smooth muscle fibers and 
connective tissue extended into the villar cores and between the crypts (Fig.32). 
  
      At the age of 30 days, weaned neonates, the mucosa contained large cylindrical 
villi lined by simple striated columnar epithelial cells; a few cells with apical 
vacuolated cytoplasm while other cells with phagosomes in their cytoplasm.  
      The intestinal crypts opened adjacent to the base of villi as simple, branched, 
tubular invaginations. The lamina propria, the muscularis mucosa and the submucosa 
were similar to those of younger groups (Fig.33).  
The Large Intestine: 
 The Caecum  
     At 0-day of age, the mucosa is composed of irregular intestinal crypts of villar- 
like structure and covered by simple striated columnar epithelial cells. Their nuclei 
were oval and centrally situated, with homogenous acidophilic material in the 
cytoplasm and clear vacuoles. Mitotic figures were seen. Goblet cells were 
conspicuous. The intestinal crypts were short and opened at the luminal surface.  The 
lamina propria of loose connective tissue was found between the intestinal crypts. 
The muscularis mucosa was inconspicuous and this allowed the submucosa to merge 
with the lamina properia (Fig.34). 
       At 6 days of age, the mucosa consisted of wide intestinal crypts lined by simple 
striated columnar epithelial cells with elongated nuclei surrounded by pink 
homogenous vacuolated material. Goblet cells were found. The intestinal crypts were 
straight and lined by short columnar epithelial cells. The lamina propria consisted of 
loose connective tissue, which extended in between the crypts. The muscularis 
  
mucosa consisted of a circular layer of smooth muscle fibres layer, and the 
submucosa contained loose connective tissue (Fig.35). 
       At 12 days of age, the mucosa consisted of intestinal crypts with short villus -like 
structure, and lined by simple striated columnar cells with elongated nuclei and pink 
vacuolated material in the cytoplasm. Goblet cells were found. The lamina propria 
consisted of loose connective tissue with many crypts. The muscularis mucosa was in 
the form of a circular layer of smooth muscle fibres and the submucosa consisted of 
loose connective tissue (Fig.36). 
      At the age of 18 days, suckling and feeding neonates, the mucosa consisted of 
irregular intestinal crypts lined by simple striated columnar cells with goblet cells 
interspersed among them. The epithelial cells possessed elongated nuclei with pink 
vacuolated material in the cytoplasm. The intestinal crypts were short and occupied 
the lamina propria. The muscularis mucosa was seen as a circular layer of smooth 
muscle fibres. The submucosa consisted of loose connective tissue (Fig.38).  
     At 24 days of age, the mucosa consisted of short intestinal crypts lined by simple 
striated columnar epithelial cells with oval nuclei and vacuolated cytoplasm and a 
few cells were lightly stained. The other layers were similar to those of younger 
groups. 
     At the age of 30 days, weaned neonates, the mucosa consisted of short straight 
intestinal crypts lined by simple striated columnar epithelial cells with oval nuclei 
and the apical of the cytoplasm epithelial cells was lightly stained. The epithelial 
  
cells of the intestinal crypts contained prominent intracellular spaces. The other 
layers were similar to those of other age groups. 
 The Colon 
     In neonates at 0-day of age, the mucosa was composed of irregular crypts, with a 
villus shape, lined by simple or pseudostratified columnar epithelium with oval or 
round nuclei surrounded by pink homogenous material. There were a few apical 
cytoplasmic vacuoles. Goblet cells were a prominent feature. The lamina propria 
consisted of loose connective tissue and the muscularis mucosa separated it from the 
submucosa, which also contained loose connective tissue (Fig.39).  
      At 6 days of age, the mucosa contained irregular intestinal crypts lined by simple 
or pseudostratified striated columnar epithelium with oval or round nuclei. Goblet 
cells were interspersed among the columnar epithelial cells. The lamina propria and 
the submucosa contained loose connective tissue and they were separated by smooth 
muscle fibers of the musclularis mucosa (Fig.40).  
      At 12 days of age, the mucosa consisted of regularly shape intestinal crypts and 
lined by simple or pseudostratified striated columnar epithelium with oval or round 
nuclei and most of them were surrounded by pink homogenous substance. Goblet 
cells were observed among the epithelial cells. The intestinal crypts were straight 
tubular glands and opened to the surface at the luminal margin. The other layers were 
similar to those of other age groups (Fig.41).  
      At the age of 18 days, suckling and feeding neonates, the mucosa was composed 
of regular intestinal crypts lined by simple striated columnar epithelial cells with oval 
  
nuclei and most of them were surrounded by a small amount of pink and 
homogenous substance. Goblet cells were present. The intestinal crypts were long 
and straight. Other layers were similar to those of other age groups (Fig.42).  
      At 24 days of age, the mucosa was composed of intestinal crypts lined by simple 
striated columnar epithelium with oval basally situated nuclei. Goblet cells were 
found. The intestinal crypts were and straight. There was no change in the other 
layers (Fig.43). 
      At the age of 30 days, weaned neonates, folds that contained intestinal crypts, and 
covered by simple striated columnar epithelial cells with oval and basally situated 
nuclei were seen in the mucosa. Goblet cells were found. The intestinal crypts were 
straight tubular glands embedded in the loose connective tissue of the lamina propria.  
3. II.I.I. Histometrical Measurements  
 The Fundic Region of the Stomach  
       At 0-day of age, suckling neonates, the thickness of the mucosa of the stomach 
varied between 24. 68µm and 58.62µm with an average of 41.65µm and the length of 
the pits varied between 20.16µm and 30.91µm with an average of 25.53µm. At 6 
days of age, the thickness of the mucosa varied between 53.99µm and 64.79µm with 
an average of 59.39µm and the length of the pits varied between 23.92µm and 
30.10µm with an average of 27.01µm. At 12 days of age, the thickness of the mucosa 
varied between 87.92µm and 120.32µm with an average of 104.12µm and the length 
of the pits varied between 26.89µm and 39.78µm with an average 33.33µm. At 18 
  
days of age, the thickness of the mucosa varied between 121.86µm and 200. 53µm 
with an average of 161.20µm and the length of the pits varied between 46.23µm and 
52.14µm with an average of 49.18µm. At 24 days of age, the thickness of the mucosa 
varied between 117.23µm and 118.77µm with an average of 118.00µm while the 
length of the pits varied between 20.70µm and 30.72µm with an average of 25.71µm. 
At 30 days of age, the thickness of the mucosa varied between 195.90µm and 
229.83µm with an average of 212.87µm and the length of the pits varied between 
24.19µm and 26.07µm with an average of 25.13µm (Table.5). 
 The Small Intestine 
  The Proximal Small Intestine 
       At 0- day of age, suckling neonates, the length of the villi varied between 
92.55µm and 140.37µm with an average of 116.46µm and the width at the upper part 
was 12.36µm, at the middle part was 17.82µm and the lower part was 15.40µm. At 6 
days of age, the length varied between 131.11µm and 148.08µm with an average of 
139.60µm and the width at the upper part was 12.45µm, at the middle part was 
19.62µm and at the lower part was 16.75µm. At 12 days of age, the length varied 
between 166.59µm and 240.63µm with an average of 203.61µm and the width at the 
upper part was 13.89µm, at the middle part was 21.59µm and at the lower part was 
14.25µm. While in the suckling and feeding neonates, 18 days of age, the length 
varied between 64.79µm and 114.15µm with an average of 89.47µm and the width at 
the upper part was 14.43µm, at the middle part was 21.59µm and the lower part was 
26.61µm. At 24 days of age, the length varied between 89.47µm and 129.57µm with 
  
an average of 109.52µm and the width at the upper part was 31.63µm, at the middle 
part was 40.77µm and at the lower part was 43.27µm. At 30 days of age, after 
weaning, the length of the villi varied between 101.81µm and 112.60µm with an 
average of 107.21µm and the width at the upper part was 22.89µm, at the middle part 
was 26.32µm and at the lower part was 26.16µm (Table.6).  
  The Distal Small Intestine  
        At 0-day of age, suckling neonates the length of the villi varied between 
89.43µm and 122.60µm with an average of 101.04µm and the width at the upper part 
was 12.01µm, at the middle part was 14.25µm and at the lower part was 11.64µm. At 
6 days of age, the length varied between 67.87µm and 75.58µm with an average of 
71.73µm and the width at the upper part was 12.45µm, at the middle part was 
12.01µm and the lower part was 11.01µm.. At 12 days of age, the length varied 
between 92.55µm and 115.69µm with an average of 104.12µm and the width was at 
the upper part was 16.58µm, at the middle part was16.58µm and the lower part was 
19.32µm.  In the suckling and feeding neonates, at 18 days of age, the  length varied 
between 86.38µm and 157.34µm with an average of 121.86µm and the width at the 
upper part was 12.45µm, at the middle part was 17.82µm and the lower part was 
16.66µm. At 24 days of age, the length varied between 115.69µm-200.53µm with an 
average of 158.11µm and the width at the upper part was 15.86µm, at the middle part 
was 17.82µm and the lower part was 19.32µm. At 30 days of age (after weaning), the 
length varied between 66.33µm and 118.77µm with an average of 92.55µm and the 
  
width at the upper part was 18.36µm, at the middle part was 26.07µm and at the 
lower part was 24.01µm (Table.7). 
Table.5. Showing the measurements of the thickness of the fundic mucosa and the 
length of the pits  
 
Thickness (µm) Length (µm) Age in 
days Min Max Aver Min Max Aver 
0 24.68 58.62 41.65 20. 16 30.91 25.53 
6 53.99 64.79 59.39 23.92 30.10 27.01 
12 87.92 120.32 104.12 26.89 39.78 33.33 
18 121.86 200.53 161.20 46.23 52.14 49.18 
24 117.23 118.77 118.00 20.70 30.72 25.71 
30 195.90 229.83 212.87 24.19 26.07 25.13 
 
 
 
 
 
 
 
 
  
 
Table.6. Showing the measurements of the length and width of the villi of the 
proximal small intestine  
Length (µm) Width (µm) 
Age in days 
Min Max Aver Upper Mid Lower 
0 92.55 140.37 116.46 12.36 17.82 15.40 
6 131.11 148.08 139.60 12.45 19.62 16.75 
12 166.59 240.63 203.61 13.89 21.59 14.25 
18 64.79 114.15 89.47 14.43 21.59 26.61 
24 89.47 129.57 109.52 31.63 40.77 43.27 
30   101.81    112.60        107.21        22.89          
 
26.32          26.16 
 
 
 
 
 
 
 
 
  
Table.7. Showing the measurements of the length and width of the villi of the distal 
small intestine    
 
Length (µm) Width (µm) 
Age in days  
Min Max Aver Upper Mid Lower 
0 89.43 122.60 101.04 12.01 14.25 11.64 
6 67.87 75.58 71.73 11.37 12.01 11.02 
12 92.55 115.69 104.12 16.58 16.58 19.32 
18 86.38 157.34 121.86 12.45 17.82 16.66 
24 115.69 200.53 158.11 15.86 17.82 19.32 
30 66.33      118.77        92.55          18.36          26.07          24.01 
 
3. II.II. Electron Microscopy 
 The Fundic Region of the Stomach 
        At 0-day of age, suckling neonates, the surface epithelial cells of the fundic 
mucosa showed apical microvilli and spherical secretary granules which appeared 
either empty, or contained a light network of microparticles and an electron dense 
core of varying size (Fig.44). These granules exhibited few processes. Mitochondria, 
rough endoplasmic reticulum and a basal oval nucleus with a prominent nucleolus 
were seen. The fundic glands contained oval parietal cells that contained elongated 
nucleus with peripheral euchromatin, rough endoplasmic reticulum, mitochondria 
  
and other undifferentiated organelles. Pyramid-shaped cells were located between the 
glandular epithelium and the basal lamina. These cells contained spherical electron 
dense granules which were concentrated mainly below the nucleus. Rough 
endoplasmic reticulum and oval nucleus with nucleolus were observed inside these 
cells. 
      At 6 days of age, apical microvilli, dilated cisternae of rough endoplasmic 
reticulum, oval and basally situated nucleus with a nucleolus were encountered in the 
fundic surface epithelium. The fundic glands contained parietal cells with oval nuclei 
with peripheral euchromatin and nucleoli. Apical microvilli, mitochondria and free 
ribosomes were also seen. 
      At 12 days of age, the fundic surface epithelium possessed apical microvilli, 
many mitochondria and dilated cisternae of rough endoplasmic reticulum. The 
nucleus was oval and lobulated and contained large amount of heterochromatin and 
prominent nucleolus. The parietal cells were observed in between the glandular 
epithelium and were characterized by a large number of mitochondria, rough 
endoplasmic reticulum, intracellular canaliculi and electron dense bodies. Their 
nuclei were oval and contained peripheral euchromatin and nucleoli. Pyramid-shaped 
cells that contained oval nuclei with peripheral euchromatin and nucleoli, rough 
endoplsmic reticulum, free ribosomes and round secretary granules of varying size 
were scattered in between the glandular epithelium. Fibroblast was found in the 
lamina propria and the basal lamina was well developed (Fig.45).  
  
      At 18 days of age, suckling and feeding neonates, the fundic glandular epithelium 
possessed apical microvilli, and some cells had electron dense granules filled with 
fine, clear and homogenous particles while some of the granules had less electron 
dense microparticles (Fig.46). Parietal cells had oval nuclei and mitochondria. 
Pyramid-shaped cells that contained a large number of secretary granules of varying 
size had rested on a basal lamina (Fig.47). 
      At 24 day of age, apical microvilli, round electron dense granules filled with fine, 
clear and homogenous particles, rough endoplasmic reticulum, free ribosomes, 
mitochondria, a Golgi apparatus and basally situated nuclei were observed in the 
epithelial cells of the fundic glands. Round mitochondria, rough endoplasmic 
reticulum, material with low electron density and oval nuclei with peripheral 
euchoromatin and nucleoli were found in the parietal cells cytoplasm. 
      At 30 days of age, weaned neonates, the fundic surface epithelium contained 
compact granules with fine, clear and oval homogenous microparticles; few granules 
contained dark homogenous microparticles. Mitochondria, rough endoplasmic 
reticulum and oval basally situated nuclei were noticed in the cell cytoplasm. Cells 
with basal nuclei, apical microvilli, mitochondria, granules of low electron density, 
and lateral membranous interdigitation were observed. The parietal cells of the fundic 
gland contained mitochondria, rough endoplasmic reticulum, intracellular canaliculi, 
with microvilli and an oval nucleus. There were also a few cells with granules, 
mitochondria, rough endoplasmic reticulum and oval nucleus. Pyramidal cells that 
  
contained secretary granules, mitochondria and round nucleus were also observed 
(Fig.48).    
  The Proximal Small Intestine 
      At 0-day of age, the surface epithelium of the proximal small intestine possessed 
apical microvilli, mitochondria, rough endoplasmic reticulum, free ribosomes, and 
granules with fine, clear homogenous microparticles and there were also granules of 
varying size and of low electron density. The nucleus contained hetrochromatin.  
      At 6 days of age, microvilli, dilated cisternae of rough endoplasmic reticulum, 
mitochondria and vacoules were seen in the columnar cells of the surface epithelium. 
Goblet cells contained fine, clear microparticles of premucin droplets and a few 
droplets with dark core; these droplets occupied the bulk of the cytoplasm and 
displaced other cytoplasmic components peripherally and basally (Fig. 49). 
      At 12 days of age, the columnar cells contained microvilli, dilated cisternae of 
rough endoplasmic reticulum, irregular vacuoles of different size, mitochondria, oval 
and basally situated nuclei with prominent nucleoli, and a Golgi apparatus. The 
junctions between the columnar cells consisted of tight junctions, intermediate 
junctions and desmosomes (Fig.50). The glandular epithelium showed cells with 
apical microvilli, mitochondria, oval nucleus and cells in different stages of mitosis 
(Fig.51). 
      At 18 days of age, suckling and feeding neonates, the columnar cells contained 
microvilli, vacuoles, dilated cisternae of rough endoplasmic, a Golgi apparatus, 
mitochondria, homogenous granules and basal nucleus.        Irregularly- shaped cells, 
  
which contained large nucleus with hetrochromatin at the centre and euchromatin at 
the periphery, and large intercellular space, were seen in the intestinal glands. 
Accumulated mucin droplets were noticed in the goblet cells (Fig.52).  
      At 24 days of age, the columnar cells contained apical microvilli, small vacuoles, 
rough endoplasmic reticulum and oval and basally situated nucleus (Fig.53). The 
columnar cells of the crypts were irregular in shape with large nuclei and many 
mitochondria. A few pyramidal Paneth cells with clear cytoplasm that contained 
apical round secretary granules with fine dense microparticles, mitochondria, rough 
endoplasmic reticulum and oval nucleus were observed (Fig.54).  
      At the age of 30 days, weaned neonates, the columnar cells contained microvilli, 
vacuoles, mitochondria, rough endoplasmic reticulum and basal nucleus. 
Phagosomes were observed inside some of the columnar cells (Fig.55). The junctions 
that were seen between the columnar cells consisted of tight junctions, intermediate 
junctions and desmosomes (Fig.56).  
The Distal Small Intestine  
      At 0-day of age, suckling neonates, the surface epithelium contained columnar 
cells with microvilli, numerous vacoules, dilated cisternae of rough endoplasmic 
reticulum, mitochondria, and oval basal nucleus with prominent nucleolus. Tight and 
intermediate junctions, desmosomes, and lateral membranous interdigitaions joined 
together the columnar cells. Goblet cells consisted of round mucigenous granules 
(Fig.57). The intestinal crypts were lined with columnar cells with apical microvilli, 
dilated cisternae of rough endoplasmic reticulum and mitochondria. Cells containing 
  
rough endoplasmic reticulum, mitochondria, a nucleus and basally situated 
polymorphic secretary granules were scattered in between the cells that lined the 
crypts (Fig.58). 
      At 6 days of age, microvilli, dilated cisternae of rough endoplasmic reticulum, 
oval and basal nucleus and lateral membranous interdigitation were noticed in the 
columnar cells. Goblet cells opened to the lumen in between the epithelial cells 
(Fig.59). 
       At 12 days of age, the columnar cells contained apical microvilli, rough 
endoplsmic reticulum, free ribosomes, low electron dense material, phagosomes, 
mitochondria, and basal nuclei (Fig.60). Goblet cells contained premucin droplets 
and opened at the intestinal lumen. 
       At 18 days of age, suckling and feeding neonates, microvilli, granules with low 
electron density, dilated cisternae of rough endoplasmic reticulum, mitochondria, and 
oval and basal nuclei were found in the columnar cells. Goblet cells showed 
premucin droplets apically and basal nuclei basally (Fig.61,62). 
       At 24 days of age, microvilli, numerous mitochondria, rough endoplasmic 
reticulum, elongated and basally situated nuclei with large hetrochromatin and clear 
intercellular spaces were seen in the columnar cells. The columnar cells rested on a 
festooned basal lamina (Fig.63). The junctions between the columnar cells consisted 
of tight and intermediate juctions and desmosomes (Fig.64). Goblet cells were seen 
with round shape and premucin droplets filled the cytoplasm. The columnar cells of 
the crypts possessed microvilli, elongated nucleus, and large number of 
  
mitochondria, prominent intercellular spaces and lateral membranous interdigitations. 
Cells with pyramidal shape and clear cytoplasm were observed. These cells contained 
mitochondria, rough endoplasmic reticulum, elongated nucleus and polymorphic 
secretory granules, which were basally situated (Fig.65).  
 The Caecum  
     At 0-day of age, suckling neonates, the surface epithelium contained columnar 
cells with apical microvilli, mitochondria, rough endoplasmic reticulum, a few lateral 
membranous interdigitation and large material with low electron density which 
displaced other cytoplasmic components apically and basally (Fig.66). Goblet cells 
were observed containing large number of premucin droplets (Fig.67). The intestinal 
crypts contained cells with polymorphic secretory granules, which are situated 
mainly at the basal part of the cytoplasm (Fig.68). 
     At 18 days of age, suckling neonates, the columnar cells contained apical 
microvilli, mitochondria, low electron dense material and oval nucleus. Goblet cells 
with premucin droplets were seen.  
    At 24 days of age, microvilli, mitochondria, elongated nuclei with large amount of 
hetrochromatin, rough endoplasmic reticulum, free ribosomes and lateral 
membranous interdigitation were seen in the columnar cells. In the intestinal crypts, 
the columnar cells contained rough endoplasmic reticulum, free ribosomes, 
mitochondria, oval nucleus with large hetrochromatin and prominent nucleolus. 
Basally situated polymorphic secretory granules were found in the cytoplasm of a 
few cells that line the intestinal crypts. 
  
 The Colon 
      At 0-day of age, suckling neonates, apical microvilli, mitochondria, vacoules, 
basal nuclei with hetrochromatin and prominent nucleoli were seen in the columnar 
cells. Goblet cells opened at the luminal surface and contained premucin droplets, 
which displaced other cytoplasmic components peripherally and basally (Fig.69).  
     At 6 days of age, apical microvilli, mitochondria, large material of low electron 
density that displaced other cytoplasmic components apically and peripherally were 
observed in the columnar cells of the surface epithelium. There were lateral 
membranous modifications, seen as intercellular canaliculi, were found inside the 
cells (Fig.70). Columnar cells with elongated nuclei and clear intracellular spaces 
lined the crypts. A few cells with polymorphic secretary granules were seen scattered 
among the epithelial cells of the crypts (Fig.71).  
    At 18 days of age suckling and feeding neonates, large material of low electron 
density, which displaced other cytoplasmic components apically and basally, apical 
mitochondria, basally situated nuclei and lateral membranous interdigitations were 
noticed in the columnar surface epithelial cells. The columnar cells of the crypts 
contained large nuclei and many mitochondria. Polymorphic secretory granules were 
found in a few cells, which were dispersed between the lining epithelium of the 
crypts.  
    At 24 days of age, apical microvilli, rough endoplasmic reticulum, mitochondria, 
small vacuoles, and oval nuclei with prominent nucleoli were observed in the 
columnar surface epithelium.  Tight and intermediate junctions and desmosomes 
  
joined the columnar cells. A few cells with round and centrally situated nuclei with 
prominent nucleoli, mitochondria and polymorphic secretory granules scattered 
peripheral and basal to the nucleus were seen in the intestinal crypts (Fig.72).  
3. III. Histochemistry: 
       Neutral mucopolysaccharides 
        Varying degrees of positive reaction to PAS diastase resistant material and 
diastase-digested material was clearly seen.  
The Fundic Region of the Stomach 
        At six days of age, the surface epithelium and the epithelium of the neck of the 
fundic glands showed positive reaction for PAS technique and numerous fine 
particles of glycogen scattered in the cytoplasm of the cells of the fundic glands 
(Fig.73). 
         At 18 and 30 days of age, the surface epithelium and the epithelium of the neck 
of the glands revealed strong positive reaction for PAS stain, and fine glycogen 
particles were concentrated at the surface epithelium and the cytoplasm of the neck 
cells of the glands. A few glycogen particles were observed in the epithelium of the 
bases of the glands of the fundic region of the stomach (Fig.74). 
The Proximal Small Intestine 
        At six days of age, the epithelium of the intestinal villi and the crypts of 
Lieberkuhn reacted positively with PAS stain. The reaction was markedly 
demonstrated in the cytoplasm of the goblet cells and the striated border of the 
epithelial cells. The cytoplasm of the surface and the crypts of Lieberkuhn epithelium 
  
possessed many fine glycogen particles (PAS-positive diastase digested granules) 
(Fig.75. a, b.). 
       At 18 days of age, goblet cells and the striated border of the surface epithelium 
showed positive reaction to PAS and the striated border of the intestinal glands 
epithelium showed weak reaction to PAS. The cytoplasm of the surface and intestinal 
glands showed the presence of many fine glycogen particles and numerous 
phagosomes (Fig. 76, a. b.). 
        At 30 days of age, goblet cells and the striated border of the surface and the 
intestinal glands epithelial cells gave positive reaction with PAS technique and their 
cytoplasm showed many fine glycogen particles and a few phagosomes.  
The Distal Small Intestine 
        At six days of age, the epithelium of the intestinal villi showed strong reaction 
to PAS stain, and numerous fine glycogen particles were observed. 
       At 18 days of age, goblet cells and the striated border of the epithelial cells 
revealed positive reaction to PAS technique and a few fine glycogen particles were 
found.  
       At 30 days of age, goblet cells and the striated border of the epithelial cells 
showed positive reaction with PAS stain and the cytoplasm contained many fine 
glycogen particles and a few phagosomes.  
The Colon  
         At 6 days of age, the surface epithelium gave strong positive reaction for PAS 
stain. And many fine glycogen particles were observed in the cell cytoplasm. A weak 
  
reaction was observed in the epithelium of the glands. At 30 days of age, the reaction 
was strong at the surface epithelium and less so in the glandular epithelium and a few 
fine glycogen particles were observed in the cytoplasm of the cells of the intestinal 
crypts (crypts of Leieburkun).      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
CHAPTER FOUR 
Discussion 
4. I. Gross Anatomy: 
  The Stomach 
     The mean body weight is increased with advancing age in quail (Ahmed, 2002), 
but in the present study the weight is increased steadily and then decreased at 30 days 
of age, after weaning and this may be due to the 
physiological effect of weaning.  
       In the present investigation, the means of the crown rump and the fore limb 
length in relation to age are increased with advancing age but are decreased at 30 
days of age and this may be due to the weaning effect.  
       In neonates, at 0 day of age, milk was clearly visible through the anterior 
abdominal wall of rabbits forming white strip called milk line (Yousif and Abdelaziz, 
1995). Such observation was confirmed in the present investigation.  
       The proventriculus in the fowl is spindle in shape and short with thick wall 
(Hodges, 1974) and cylindrical in shape with uniform diameter in domestic duck 
(Das, et al., 1965) but in this study the stomach is C-shaped and with thin wall. 
       The stomach component topography in pigmy hippopotamus female is quit 
different, during postnatal life, from that of the adult male (Macdonald and Hartman, 
1983).  In rabbits, in this study, the stomach is simple and similar to that of the adult 
male and female. 
  
        In the present investigation, the mean of the stomach weight or volume in 
relation to age has increased with advancing age but at 30 days of age, these 
measurements are decreased, this may be due to the change in the diet. The weight 
and the volume were approximately equal. The mean of the stomach weight and 
volume were the same at 0 and 6 days of age. The mean stomach weight at 12 and 18 
days of age were equal. The means of the lengths of the stomach greater and lesser 
curvatures in relation to age have increased with advancing age but decreased at 
30days of age and this may be due to the stress of weaning.  
Small and Large Intestines                 
              In the present investigation, the differentiation of the jejunum and ileum is 
not clear so the small intestine is divided into proximal small intestine (after the 
duodenum) and distal small intestine (before the caecum). These divisions were 
adopted by Nickel, et al. (1960) and McCance (1974) in the pig, Humphery and Turk 
(1974) in chicken, Ahmed (2002) in the quail and Yousif and abdelaziz (1995) in 
rabbits during postnatal life. This was not the practice in white leghorn and broiler 
chickens (Yamauchi and Isshiki, 1991), balady fowl (Abdel-Shamy, 1996) and in 
chicken (Martinez, et al. 1983).  
             The present findings on the development of the small and large intestines as a 
continuous tube were different from those reported by Macdonald and Hartman 
(1983). 
               The present results agreed with those of MacCance (1974) in the pig and 
Ahmed (2002) in the quail, in that the growth of the small intestine is rapidly 
  
increased with advancing age. The growth of the large intestine was slower than that 
of the small intestine (MacCance, 1974). 
                 In the present investigation, the means of the small intestine weight or 
volume in relation to age in days have increased but they have decreased at 30 days 
of age. This may be due to the weaning effect on the neonates. The mean of the small 
intestine weight and volume were approximately equal numerically. The means of 
the small intestine length in relation to age in days is increased with advancing age 
but at 18 days of age, it is less than at 12 days of age, and this may due to the change 
in the feeding, and at 30 days of age it is less than at 24 days of age and this may be 
due to the weaning effect. No similar information is available in the literature. 
                 In the present study, the means of the large intestine weight and volume in 
relation to age in days is increased with advancing age and they are approximately 
equal numerically. The mean large intestine length is increased with advancing age 
but is decreased at 18 days of age and this may be due to change in the feeding. 
4. II. Histology:      
 4. II.I. Light microscope 
   The Stomach 
    Histogenesis of the human gastric mucosa begins toward the end of the second 
month with the appearance of folds and the first gastric pits. During the next few 
weeks, the formation of the gastric pits and the glands associated with them spreads 
throughout the wall of the stomach (Carlson, 1981). In this study the stomach started 
to be differentiated at 0-day of age. 
  
        The stomach is lined by simple columnar epithelium and showed tubular glands 
in the proventriculus in chicken (Atiken et, al.1958), turkey (Malewitz.and Calhoun, 
1958), domestic duck (Das and Biswal, 1965), fowl (Hodges, 1974) and quail Ahmed 
(2002). In the rabbit (Zaazo, 1996), the fundic region is lined by simple columnar 
epithelium in both male and female of one and two months of age.  
         In this study, the parietal cells are found throughtout the glands, from the 
isthmus to the base of the glands. In opossum (Karuse, et al. 1975), the parietal cells 
are only found adjacent to the underling basement membrane. 
        In this study, the epithelium of the mucosal folds is formed of columnar cells, 
which decreased in height toward the base of the mucosal folds. El-Shamy (1996) 
reported that the cells in the fowl are cuboidal in shape at the base of the mucosal 
folds. 
        The argentaffin cells of the stomach appeared first in the proventriculus on the 
8th day of incubation in chicken (Dawson and Moyer, 1948). Aitken (1958) stated 
that, the stomach argentaffin cells occur quite infrequently in the mucosa and absent 
in the submucosa in chicken. Whereas, Abdel-Shamy (1996) and El-Shamy (1996) 
and Ahmed (2002) reported that the argentaffin cells are abundant in the fowl and 
quail respectively. However, Zaazo (1994) reported the absence of argentaffin cells 
in any part of the fundic region in rabbits of one and two months of age of both 
sexes. In the present study, the argentaffin cells could be observed in the fundic 
region of the stomach from 0-day of age onwards.                   
  
         In the present study, the proliferation of the epithelial cells causes a 
considerable increase in the epithelial surface area during the postnatal development 
of the gastric mucosa and mitotic figures were frequently noticed. This is in 
agreement with the observations of Zamzam et, al. (1980) in the albino rat during 
early postnatal live and with Zaazo (1994) in rabbits.                             
         In the present investigation, the glands of the stomach have become a 
prominent feature at 0-day of age and this is in agreement with the report of Hibbard 
(1942) in Gallus domesticus at 7th day of age. In the present study, the glands are 
tubular in shape. This is also true in chicken (Galhoun, 1954) and in domestic fowl 
(Bell and Freeman, 1971) but disagree with the report given by Hibbard (1942) in 
Gallus domesticus.  
        In the present study, the glands end at the base of the mucosa and the muscularis 
mucosa consists of a circular layer at 0-day of age but in older groups, the muscularis 
mucosa consists of an inner circular and outer longitudinal layers. Farner (1960) 
reported that the glands penetrate into the muscularis mucosa during the stomach 
development in birds. Calhoun (1954) reported that the muscularis mucosa is found 
below the bases of the glands in chicken and the longitudinal layer is almost in 
contact with the tunica muscularis However. Malewits and Calhoun (1958) 
mentioned that the thick longitudinal layer of the muscularis mucosa is located above 
and beneath the glands in turkey. 
           In the present study, a few giant cells were observed in the lamina propria 
loose connective tissue; these cells were large, spherical or oval in shape and 
  
multinucleated. Dellmann and Brown (1981) have concluded that giant these cells 
resulted from the fusion of several machrophages.   
  The Small Intestine        
           In the present study, the surface epithelium of the intestine is simple columnar 
with a few goblet cells. This is in agreement with the reports given by Aitken (1958) 
and El-Shamy (1996) in chicken and fowl respectively.  
         Salem (1985) reported that the lamina epithelialis is simple columnar of 
mucous secreting type in fayoumi fowl.  
                  In chicken, the mucosa is composed of finger- like villi (Humphery and 
Turk, 1974), whereas in growing white leghorn and broiler chickens, the villi are 
finger- like at 0-day of age and change to a wave-like in the jejunum to tongue- like 
in the ileum at 30 days of age (Yamauchi and Isshiki, 1991). The present study shows 
that the villi of the proximal intestine are short and irregular in shape at 0-day of age 
but short and cylindrical in shape at 6,12 and 24 days of age and change to short 
club-shaped villi at 30 days of age. These results agree with the report given by YuB 
(1997) in the fact that the villi of the small intestine of suckling rabbits at 2 weeks, 
compared with 4 weeks of age, looked more cylinderical in shape and finger-like in 
the suckling period, thereafter becoming broader or tongue-like or plate-shaped in 
mature rabbits. In Turkey, the villi are quite tall and finger-like at 2 days of age and 
they become compressed and tongue-shaped at 16 days of age (El-Zoghby, 2000). 
         In the present study, the mucosa of the distal small intestinal shows irregular 
and cylindrical villi at 0-day of age, and at 6 days of age, the villi become wide and 
  
cylindrical in shape and at 12 days of age, they become long and wide and they 
become cylindrical at 18 and 24 days of age but they become narrow and short at 30 
days of age. The villi are lined by simple or pseudostratified columnar epithelium in 
0-day of age and simple columnar epithelium at the other age groups. The lamina 
propria, muscularis mucosa and the core of the villi are similar in structure in all age 
groups. 
         In the present investigation the intestinal crypts are simple branched tubular 
invaginations, in all ages. However, in chicken, the crypts are simple tubular gland 
(Humphery and Turk, 1974). In turkey, the glands become longer, more numerous 
and closely packed at 16 days of age compared to those of 2 days of age (El-Zoghby, 
2000). The glands are simple tubules and slightly coiled in chicken (Aitken, 1958). In 
the present study Paneth cells are found but they are absent in the small intestine in 
chicken (Atiken, 1958). 
        Gastrin cells are occasionally found in the duodenum and jejunum but are absent 
in the proventriculus of the chicken (Larsson, et al., 1974). Ahmed (2002) also found 
that the ileum of quail contains a few number of argentaffin cells. The present study 
confirms the presence of endocrine cells in all age groups in the stomach fundic 
region, and in the small and large intestines. 
        The present information provided about the length and width of the villi of the  
proximal and distal small intestines has not previously been reported.  
 
 
  
  The Large Intestine  
         In the present investigation, the mucosa of the caecum at 0day of age is 
composed of irregular intestinal crypts of villus-like structures and covered by simple 
striated columnar epithelial cells with homogenous acidophilic material in the 
cytoplasm. Goblet cells are found. At 6 days of age the cryps become wide and at 12 
days they became short and villus-like structures, while at 18 days of age the crypts 
become irregular, at 24 days they became short again and at 30 days of age they 
became short and straight and the epithelial cells contain prominent intracellular 
spaces.  
El-Zoghby (2000) is of the opinion that the caecum has the greatest number of goblet 
cells and the mucosa contains many crypts of Liebrkuhun in turkey at different ages. 
           In the present study, the caecum contains cells with polymorphic secretary 
granules. These cells may be endocrine cells due to the location of their granules; 
these cells appeared at 0-day of age. This observation is in agreement with the report 
which is given by Ahmed (2002) in quail.                     
         In the present investigation, the colon mucosa shows irregular crypts with villus 
shape at 0-day and 6 days of age, and regular crypts at 12 days of age. At 18, 24 and 
30 days of age, the mucosa shows normal crypts as in the adult. The mucosa is lined 
by simple or pseudostratified columnar epithelium at 0-day and 6 days of age and 
simple columnar epithelium in the other age groups. The author could not be able to 
find any information in the literature regarding such development in any species. 
 
  
4. II.II. Electron microscopy                    
  The Stomach  
          The stomach of the suckling echidna is lined by a tall columnar epithelium that 
is bounded basally by delicate basement membrane. The epithelium is characterized 
by an abundance of mitochondria and paucity of other organelles (Krause, 1972). The 
present study shows that the fundic surface epithelium possesses apical microvilli, 
mitochondria, rough endoplasic reticulum, and spherical secretary granules with a 
light network of microparticles and electron dense material, basally situated oval 
nucleus with a prominent nucleolus at 0-day of age. In addition to these, dilated 
cicternae of rough endoplasmic reticulum appeared at 6 days of age, lobulated 
nucleus with a large amount of hetrochromatin is observed at 12 days of age, Golgi 
apparatus appeared at 24 days of age, while compact granules with fine, clear and 
oval hemogenous microparticles were observed at 30 days of age. The fundic glands 
possess elongated or pyramidal parietal cells and this is in agreement with the report 
of Krause (1972) in postnatally developing opossum. Cells with elongated or round 
nucleus with   peripheral euchroamtin and rough endoplasmic reticulum were seen at 
0-day of age and these cells acquired apical microvilli, free ribosomes and oval 
nuclei at 6 days of age, and canaliculi at 12 and 30 days of age. 
        Endocrine cells usually possess granules situated below the nucleus while 
exocrine cells have secretory granules situated above the nucleus (Kessel, 1998). 
        The general features of the gastric endocrine cells are similar to those of the 
endocrine cells in the intestine but the endocrine cells in the stomach are flatter than 
  
those in the intestine (Andrew, 1976a). In the present study, there are pyramidal cells 
containing spherical secretary granules beneath and lateral to the nucleus and these 
may be endocrine cells. They are present in all age groups. 
         Endocrine cells are numerous in the proventriculus of chicks (Andrew, 1976a; 
Uselline et, al., 1983).  
The Small and Large Intestines 
  The Small Intestine 
        In the present study, the absorptive columnar cells of the proximal and distal 
small intestines showed apical striated border due to the presence of microvilli. The 
core of the microvilli contained bundles of fine collagen fibers extending through out 
the length of the villi. Apically, there were tight and intermediate junctions and 
desmosomes. The lateral cell membranes are characterized by a complexity of 
interdigitations with adjacent cells. Rough endoplasmic reticulums, ribosomes, Golgi 
apparatus, mitochondria, vacuoles with different electron density were found. These 
findings agreed with previous reports in the fowl by Humphrey and Turk (1974) and 
Michael and Hodges (1973). The presence of apical microvilli in the surface 
epithelium is also reported by Krause (1972), Staley, et al. (1972) and Bayer, et al. 
(1975) in opossum, calf and chicken respectively. 
        The presence of mitochondria, vacuoles, smooth endoplasmic reticulum and 
Golgi apparatus during postnatal development in the opossum is also obseved 
(Krause, 1972).  
  
          In the present investigation, there are pyramidal Paneth cells with apical round 
secretary granules appeared at 24 days of age, in the proximal parts of the small 
intestine. Whereas in rabbit (4 to 6 months) Paneth cells contained spherical granules 
confied to the apical half of the cells and they were more numerous in the distal parts 
than the proximal parts (Abdel-Magied and Taha, 1995). In addition, cells with 
polymorphic secretary granules appeared in all age groups bassaly to the nucleus and 
peripherally in the distal parts. These cells may be endocrine and exocrine cells. 
Moreover, in chick Andrew, et al. (1982) classified the endocrine cells of the 
gastrointestinal tract into 7 classes; the classification is based on the shape and size of 
the secretary granules.  
 The Large Intestine 
                   The surface epithelium of the caecum and colon contained absorptive 
columnar cells with apical microvilli, mitochondria, rough endoplasmic reticulum, 
free ribosomes, elongated nuclei with large heterochromatin, and large material with 
less electron density. Goblet cells, with premucin droplets and apical microvilli are 
also present. 
4. III. Histochemistry: 
  The Stomach  
             Krause, et, al. (1976) reported that the gastric epithelial cells of the opossum 
showed no reaction to PAS stain before and after weaning. However, in the present 
study, the reaction to PAS stain is weak before weaning but strong after weaning. 
Moreover the number of fine glycogen particles increases with advancing age. The 
  
reaction to PAS and glycogen is found in the surface epithelium and the epithelium 
of the fundic gland, this is in agreement with the reports which are given by Ahmed 
(1977) in Peking ducks, Salem (1982) in growing Sudanese ducks, Abdel-Shamy 
(1996) and El-Shamy (1996) in the fowl and El-Zoghby (2000) in turkey.  
The Small and Large Intestines  
            In quail, during the post-hatching period, the epithelium of the intestinal villi 
and the glands reacted positively with PAS stains and the reaction increased with 
advancing age (Ahmed, 2002). The present study confirmed these observations at 6 
days of age and onward.  
          At 18 and 30 days of age, the striated border of the epithelium and goblet cells 
showed positive reaction to PAS stain. The cytoplasm also contained many fine 
glycogen particles in all age groups, and numerous phagosomes (PAS- positive 
diastase digested) in younger age groups.  
In the present investigation, the colon, at 6 and 30 days of age, showed strong 
positive reaction to PAS. The surface epithelium contained many fine glycogen 
particles at 6 days and less at 30 days but somewhat weak at the crypts. The authors 
could not be able to find similar information in any species in the available literature. 
 
 
 
 
  
SUMMARY 
1. A gross anatomical, histological and ultrastrctural study has been 
conducted on the GIT in 50 male rabbits (Lepus Cunculus) of 
different ages. The ages varied between 0-day 30 days.   
2. The advancing age is a major factor in the increase of the body 
weight, crown rump length, fore limb length and GIT weight, length 
and volume, but there was a decrease in some of these parameters at 
the age of 30 days. This decrease may be due to the effect of weaning.  
3. The location of the stomach in all age groups is similar to that of the 
adult.  
4. The histology (in 32 animals) and ultrastrcture (in18 animals) of the 
mucosa of the fundic region, proximal and distal small intestines, and 
caecum and colon were investagated in rabbits of different ages. 
5. The histological measurements of the thickness of the fundic mucosa 
and length of the pits and length and width of the villi of the proximal 
and distal small intestines were studied in 18 rabbits of different ages. 
6. The mucopolysaccharide and glycogen were examined in the fundic 
region of the stomach, proximal and distal small intestine and colon in 
rabbits of different age.  
  
7. The mucosa of the fundic region has different shapes in the different 
age groups, specially in the length of the folds and the depth of the 
pits. 
8.  In the fundic region of the stomach, the histology of the surface 
epithelial cells and parietal cells and chief cells of the gastric glands 
were studied. The muscularis mucosa was arranged into inner circular 
layer at 0-day of age, but an additional outer longitudinal layer 
appeared in older age groups. 
9. The age also has an effect on the shape and length of the intestinal 
villi of the small intestine and the crypts of the large intestine. The 
mucosa of the small intestine showed simple striated columnar 
epithelial cells and prominent goblet cells. The crypts opened adjacent 
to the bases of the villi as simple, branched, tubular invaginations. 
10. In the stomach fundic region, the epithelial cells contained apical 
microvilli, smooth and rough endoplasmic reticulum, free ribosomes, 
elongated nucleus, secretary granules, mitochondria and electron 
dense material. Cells with round secretary granules of different size 
concentrated beneath and lateral to the nucleus were observed in all 
age groups may be endocrine cells.  
11. The mucosa of the small intestine was covered by columnar cells that 
contained apical microvilli, oval nucleus, dilated cisternae of rough 
  
endoplasmic reticulum, Golgi apparatus, vacuoles and material with 
electron density in all age groups.  
12. In the small intestine, the crypts showed epithelial cells with dilated 
intercellular spaces and contained apical microvilli, mitochondria, 
material with electron density, rough endoplasmic reticulum and 
elongated nucleus. There are cells containing spherical secretary 
granules different in size above the nucleus and cells of polymorphic 
secretary granules of different sizes beneath and lateral to the nucleus 
were observed. 
13. The mucosa of the large intestine was composed of crypts with villar 
shape at 0-day of age and the length of the crypts decreased with 
advancing age. The crypts were lined by striated epithelial cells. 
Goblet cells were prominent.  
14. The absorptive columnar cells had apical microvilli and contained 
vacoules of different size, ovoid to elongated nucleus, mitochondria, 
rough endoplasmic reticulum and lateral membranous interdigitations. 
Cells with polymorphic secretary granules were noticed.  
15. Varing degrees of positive reaction to PAS diastase resistant  material 
and diastase-digested material was clearly seen in the stomach fundic 
region, proximal, and distal small intestine and colon in rabbits of 
different ages. 
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 ﺍﻟﺘﻲ ﺃﺠﺭﻴﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻓﺠﻭﺍﺕ ﻭﻤﺎﺩﺓ ﺍﻟﻜﺘﺭﻭﻨﻴﺔ ﻜﺜﻴﻔﺔ ﻓﻲ ﻜل ﺍﻷﻋﻤﺎﺭ،  ﺠﻬﺎﺯ ﺠﻭﻟﺠﻰ،  ﺸﺒﻜﺔ ﺍﻨﺩﻭﺒﻼﺯﻤﻴﺔ 
  .ﻓﻴﻬﺎ
 ﺘﺤﺘﻭﻯ ﺨﻼﻴﺎ     ﻭ ﺃﻅﻬﺭﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻭﺠﻭﺩ ﻤﺴﺎﻓﺎﺕ ﺒﻴﻥ ﺨﻠﻭﻴﺔ ﻤﺘﺴﻌﺔ ﻓﻲ ﻤﻨﻁﻘﺔ ﻏﺩﺩ ﺍﻷﻤﻌﺎﺀ ﺍﻟﺩﻗﻴﻘﺔ.  31
ﻫﻨﺎﻙ . ﺨﺸﻨﺔ ﻭﻨﻭﺍﺓ ﻤﺴﺘﻁﺎﻟﺔ ﺔﺸﺒﻜﺔ ﺍﻨﺩﻭﺒﻼﺯﻤﻴ،  ﻤﺎﺩﺓ ﺍﻟﻜﺘﺭﻭﻨﻴﺔ ﻜﺜﻴﻔﺔ  ،ﻤﻴﺘﻭﻜﻭﻨﺩﺭﻴﺎ،  ﺍﻷﻤﻌﺎﺀ ﻋﻠﻰ ﺯﻏﻴﺒﺎﺕ
  . ﺍﻟﻨﻭﺍﺓﺨﻼﻴﺎ ﺘﺤﺘﻭﻯ ﻋﻠﻰ ﺤﺒﻴﺒﺎﺕ ﺇﻓﺭﺍﺯﻴﺔ ﺩﺍﺌﺭﻴﺔ ﺒﺈﺤﺠﺎﻡ ﻤﺨﺘﻠﻔﺔ ﺃﻋﻠﻰ ﺃﻭ ﺃﺴﻔل
، ﻨﻭﺍﺓ ﺒﻴﻀﻭﻴﺔ،  ﻓﺠﻭﺍﺕ،  ﺘﺤﺘﻭﻯ ﻋﻠﻰ ﺨﻼﻴﺎ ﺍﺴﻁﻭﺍﻨﻴﺔ ﺒﻬﺎ ﺯﻏﻴﺒﺎﺕﻅﻬﺎﺭﺓ ﺍﻷﻤﻌﺎﺀ ﺍﻟﻐﻠﻴﻅﺔ .  41
ﺘﻭﺠﺩ ﺨﻼﻴﺎ .  ﺍﻷﻏﺸﻴﺔ ﺍﻟﺠﺎﻨﺒﻴﺔ ﻟﻬﺫﻩ ﺍﻟﺨﻼﻴﺎ ﻤﺘﻌﺭﺠﺔ ﺒﺩﺭﺠﺔ ﻜﺒﻴﺭﺓ، ﻴﺔ ﺨﺸﻨﺔﺸﺒﻜﺔ ﺍﻨﺩﻭﺒﻼﺯﻤ،  ﻤﺎﻴﺘﻭﻜﻭﻨﺩﺭﻴﺎ
  . ﺘﺤﺘﻭﻯ ﻋﻠﻰ ﺤﺒﻴﺒﺎﺕ ﺇﻓﺭﺍﺯﻴﺔ ﻋﺩﻴﺩﺓ ﺍﻷﺸﻜﺎل
 ﻜل ﻤﻥ ﻤﺨﺎﻁﻴﺔ ﻭﺠﺩﺕ ﻓﻲ ﺍﻟﻤﺨﺎﻁﻲ ﺍﻟﻤﻘﺎﻭﻤﺔ ﻟﺨﻤﻴﺭﺓ ﺍﻟﺩﻴﺎﺴﺘﻴﺯ ﻭﺠﺯﻴﺌﺎﺕ ﺍﻟﺠﻠﻴﻜﻭﺠﻴﻥ ﻤﺎﺩﺓ ﻋﺩﻴﺩﺍﻟﺴﻜﺭﻴﺩ. 51
  .ﺍﻟﻤﻌﺩﺓ ﻭﺍﻷﻤﻌﺎﺀ ﺍﻟﺩﻗﻴﻘﺔ ﻭﺍﻟﻘﻭﻟﻭﻥ ﻓﻲ ﺃﻋﻤﺎﺭ ﻤﺨﺘﻠﻔﺔ
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Figure.1. A photograph shows the location of the gastrointestinal tract of 
rabbit (30 days of age).
 
  
 
 
 
 
 
 
Figure.2. A photograph shows the location of the gastrointestinal tract in adult 
rabbit.                     
Liver Stomach 
Intestine 
 
 
 
  
Fig.3. The mean body weight in 
relation to age days 
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Fig.4. The mean crown rump 
length and the mean fore limb 
length in relation to age days
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c.r.l= crown rump length 
f.= fore 
  
Fig.5. The mean stomach weight in 
relation to age days 
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Fig.6. The mean stomach volume in 
relation to age days 
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V= volume 
W= weight 
  
    
Fig.7. The mean stomach volume and 
weight 
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g.c= greater curvature 
 l.c= lesser curvature 
Fig.8. The mean stomach greater and 
lesser curvure in relation to age days
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Fig .9. The mean small intestine weight 
in relation to age days
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Fig.10. The mean small intestine 
volume in relation to age days 
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Fig.11. The mean small intestine 
weight and volume in relation to age 
days 
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S.I= small intestine 
Fig.12. The mean small intestine 
length in relation to  age days  
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L.I=large intestine length
Fig.13. The mean large intestine 
weight in relation to age days
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Fig.14. The mean large intestine vo
in relation to age days
0
6
12
18
24
30
0.8 0.8 1.8 2.2
8
14.5
0
5
10
15
20
25
30
35
1 2 3 4 5 6
age
L.I.v
  
 
 
 
 
 
 
 
 
 
 
     
Fig.16. The mean large intestine 
length in relation to age days 
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L.I.L=large intestine length 
Fig.15. The mean large intestine 
weight and volume in relation to age 
days
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Figure.17.  A photograph of stomach fundic region in male rabbits at 0-day of 
age, showing acidophilic granules in the columnar cells (a), cytoplasmic 
vacuoles (v), tubular glands (g), parietal cells (p), chief cells (c), giant cell (gc), 
plasma cells (pc) and fibroblast cells (f). 
  Toluiodine blue, X 100.  
 
 
 
 
Figure.18. A photograph of stomach fundic region in male rabbits at 6 days of 
age. Note the presence of  irregular columnar cells of the crypt (c) with numerous 
vacuoles (v), acidophilic granules (a), glands (g), parietal cells (p), chief cells (f), 
lamina propria (L), thick muscularis mucosa (m) and sub mucosa.(s)       
Toluiodine blue, X 25. 
 
 
 
 
 
  
 
 
  
Figure.19.  A photograph of stomach fudic region in male rabbits at 18 days of 
age, showing deep gastric pits (t) striated columnar epithelium (c), parietal cells 
(p), chief cells (f), basal cells (b), lamina propria (l), muscularis mucosa (m) and 
submucosa (s). 
H&E, X 10.     
 
 
 
 
 
Figure.20. A photograph of stomach fundic region in male rabbits at 24 days 
of age. The surface is lined by lightly stained striated columnar cells (c) and 
tubular glands (g) lined by chief cells (f), parietal cells (p) and basal cells (b). 
Lamina propria  (L), muscularis mucosa (m) and submucosa (s). 
Toluiodine blue, X 25.  
 
 
 
 
 
  
 
  
Figure.21. A photograph of stomach fundic gland in male rabbits at 24 days of 
age. Note the lumen of the tubular glands (g), acidophilic granules (a), parietal 
cells (p), chief cells (c) and lamina propria (l).  
Toluiodine blue, X 100.   
 
 
 
 
  
Figure.22.  A photograph of stomach fundic region in male rabbits at 30 days 
of age, showing surface epithelium lined (c) by lightly stained simple striated 
columnar epithelial cells (s), tubular glands (g) lined by chief cells (f), parietal 
cells (p) and basal cells (b). Muscularis mucosa (m).  
Toluidine blue, X 16.  
 
 
 
 
 
 
  
 
 
  
 
Figure.23. A photograph of proximal intestinal mucosa in male rabbits at 0-
day of age, showing villi (v), intestinal glands (g), fibroblasts (o),  blood vessels 
(e), muscularis mucosae (m) and submucosa (s). 
Tolouidine blue, X 25.  
 
 
 
 
 
 
Figure.24.  A photograph of proximal intestinal mucosa in male rabbits at 6 
days of age, showing villi (v), columnar cell (s), intestinal gland (g), lamina 
properia (l), and submucosa (c). 
      H&E, X 10. 
 
 
 
 
 
 
  
 
  
 
Figure.25. A photograph of proximal small intestine in rabbits at 12 days of 
age,  showing villi (v), columnar cells with vacoules (c), goblet cells (g), lamina 
properia (l), fibroblasts (o), vessel (e), intestinal glands (i), muscularis mucosae 
(m) and submucosa (s). 
Tolouidine blue, X25. 
 
 
 
 
 
Figure.26. A photograph of proximal small intestine mucosa in male rabbits at 
18 days of age, showing villi (v), columnar cell (c), phagosomes (so). Lamina 
properia (l), intestinal glands (i), and submucosa (s). 
Tolouidine blue, X 16 
 
 
 
  
 
 
  
Figure.27.  A photograph of proximal small intestine mucosa in male rabbits 
at 30 days of age, showing villi (v), columnar cells (c),  phagosomes (so), lamina 
propria (l), intestinal crypts (i), muscularis mucosae (m) and submucosa (s). 
Tolouidine blue, X25. 
 
 
 
 
 
 
Figure.28. A photograph of distal small intestine mucosa in male rabbits at 0-
day of  age. Note the presence of villi (v), columnar cells (C), goblet cells (g), 
intestinal crypts (i) lamina propria (l) and muscuilaris mucosa (m). 
Tolouidine blue, X 40. 
 
 
 
 
 
 
  
 
 
  
Figure.29. A photograph of distal small intestine in male rabbits at 6 days of 
age. Note the presence of the villi columnar cells (arrows), goblet cells (g), 
intestinal crypts (i), lamina propria (l), fibroblasts (f), muscularis mucosa (m) and 
submucosa (s).  
Tolouidine blue, X 16. 
 
 
 
 
 
 
Figure.30.  A photograph of distal small intestine in male rabbits at 12 days of 
age, showing villi (v), columnar cells (c), goblet cells (g), intestinal crypts (i). 
Lamina propria (l), fibroblasts (f), muscularis mucosae (m) and submucosa (s). 
Note the presence of a lacteal in cross section (a) 
Tolouidine blue, X 25. 
 
 
 
 
  
 
  
Figure.31.  A photograph of distal small intestine in male rabbits at 18 days of 
age, showing villi (v), columnar cells (arrows), goblet cells (g), intestinal crypts 
(i), lamina propria (l), blood vessel (e), lacteal (t), muscularis mucosae (m) and 
submucosa (s). 
Toloiudine blue, X 25. 
 
 
 
 
 
Figure.32.  A photograph of distal small intestine in male rabbits at 24 days of 
age, showing villi (v), columnar cells (arrows), goblet cells (g), granules with 
homogenous material (h), intestinal crypts (i), lamina propria (l), and muscularis 
mucosae (m). 
Toloiudine blue, X 25.  
 
 
 
 
 
  
 
 
  
 
Figure.33.  A photograph of distal small intestine in male rabbits at 30 days of 
age. Note the villi (v), columnar cells (arrows), phagosomes (so), intestinal crypts 
(i), lamina properia (l), muscularis mucosae (m) and submucosa (s). 
Toloiudine blue, X25. 
 
 
 
 
 
 
Figure.34.  A photograph of caecum in male rabbits at 0-day of age. Note 
the presence of villus-like (i), irregular crypts columnar cells (c), goblet cells 
(g), lamina propria (l), fibroblasts (f), smooth muscle fibers (m) and 
submucosa (s). 
Toloiudine blue, X 25). 
  
 
 
 
 
  
 
  
Figure.35.  A photograph of caecum mucosa in male rabbits at 6 days of 
age, showing intestinal crypts (i) columnar cells (arrows), goblet cells (g), 
lamina propria (l), fibroblast (f), muscularis mucosae (m) and submucosa (S).  
Toloiudine blue, X25. 
 
 
 
 
 
 
 Figure.36.  A photograph of caecum in male rabbits at 12 days of age, 
showing intestinal glands (i), columnar cells (arrows), goblet cells (g), lamina 
propria (l), fibroblasts (f), muscularis mucosae (m) and submucosa (S). 
Toloiudine blue, X 25.  
 
  
 
 
  
 
  
Figure.37.  A photograph of caecum mucosa in male rabbits at 18 days of 
age, showing intestinal glnds (i), columnar cells (arrows), goblet cells (g), 
lamina propria (l), muscularis mucosae (m) and submucosa (S). 
Toloiudine blue, X 16. 
 
 
 
 
 
 
 
Figure.38.  A photograph of caecum in male rabbits at 24 days of age, 
showing crypts (i), columnar cells (arrows), goblet cells (g), lamina propria (l), 
muscularis mucosae (m) and submucosa (s). 
Toloiudine blue, X 40. 
 
 
 
 
 
  
 
  
Figure.39.  A photograph of colon in male rabbits at 0-day of age. Note the 
intestinal glands (i), columnar cells (arrow), goblet cells (g), lamina propria (l), 
fibroblasts (f), smooth muscle fibers (m) and submucosa (s).  
Toloiudine blue, X 25. 
 
 
 
 
 
 
 
Figure.40.  A photograph of colon in male rabbits at 6 days of age, showing 
the crypts (i), columnar cells (arrows), goblet cells (g), lamina propria (l), villar 
core (v), muscularis mucosa (m) and submucosa (s). Not that there are 
numerous goblet cells interposed between the columnar cells.  
Toloiudine blue, X16. 
 
 
 
 
  
 
  
Figure.41.  A photograph of colon in male rabbits at 12 days of age, 
showing the crypts (i), columnar cells (arrows), goblet cells (g), lamina 
properia (l), numerous blood vessels are present in the lamina propria and sub 
mucosa (v), muscularis mucosae  (m), sub mucosa (s). 
Toloiudine blue, X 40. 
 
 
 
 
 
 
Figure.42. A photograph of colon in male rabbits at 18 days of age. Note the 
presence of the intestinal crypts (i), columnar cells (arrows), goblet cells (g), 
lamina properia (l), muscularis mucosa (m), submucosa (s). 
Toloiudine blue, X 25. 
 
 
 
 
  
 
  
Figure.43.  A photograph of colon in rabbits at 24 days of age, showing 
intestinal crypts (i), columnar cells (arrows), goblet cells (g), lamina propria 
(l), muscularis mucosae (m), blood vessel (v) and submucosa (s). Note the 
many vacuoles in the crypts epithelial cells. 
Toloiudine blue, X 16. 
 
 
 
 
 
 
Figure.44.  A micrograph of the fundic surface epithelium in rabbits at 0-day 
of age. Note the presence of the apical microvilli (mv), secretory granules (sg) and 
nucleus (n). 
Uranyle acetate and lead citrate, X 4000.    
 
 
 
 
 
  
 
 
  
Figure.45. A micrograph of the fundic region in male rabbits at 12 days of age. 
The epithelium showed parietal cell with mitochondria (mi), rough endoplasmic 
reticulum (rer), canaliculi (c), nucleus (n), vacoules (v), lamin propria (L) with 
fibroblasts (f) and endocrine cell (E). 
Uranyl acetate and lead citrate, X 4000. 
 
 
 
 
 
 
Figure.46. A micrograph of the fundic region in male rabbits at 18 days of age. 
The epithelium, showing cells secretory granules with low electron density (sg), 
apical microvilli (mv), vacoules (v),  nucleus (n), lamina propria (p) and lumen (L) 
Uranyl acetate and lead citrate, X 4000. 
 
 
 
 
 
 
  
 
  
Figure.47.  A micrograph of fundic region in male rabbits at 18 days of age. 
The epithelium, showing argetaffin cell with round secretory granules (SG), 
nucleus (N), lamina propria (L) and fibroblast (F)  
Uranyl acetate and lead citrate, X 6. 700.        
 
 
 
 
 
 
Figure.48.  A micrograph of fundic region in male rabbits at 30 days of age. 
The epithelium showing cell rich with  secretory granules (sG), mitochondria 
(mi), rough endoplasmic (rer), nucleus (n), basement membrane (b) and lamina 
propria (L). 
Uranyl acetate and lead citrate, X 6.700.  
 
 
 
 
 
 
  
 
 
  
Figure.49.  A micrograph of proximal small intestine in male rabbits at 6-
days age, showing columnar cells contiaing microvilli (mv), vacoules (v), 
dilated intercellular spaces (s) and nucleus (n).  
Uranyl acetated and lead citrate, X 2.700. 
 
 
 
 
 
 
Figure.50. A micrograph of the proximal small intestine in male rabbits at 
12 days, showing the columnar cells with microvilli (mv) in cross sections 
containing actin filaments are seen in the core of the microvilli, tight and 
intermediate junctions and desmosomes between the cells (arrows).  
Uranyl acetate and lead citrate, X 10. 000.  
 
 
 
 
 
  
 
  
Figure.51. A micrograph of the proximal small intestine in male rabbits at 12 
days of age, The intestinal gland showing cells with microvilli (mv), at the lumen 
(l), nucleus (n), mitochondria (mi) and intercellular spaces (arrows).  (c) Cell in 
prophasethe with chromosomes had condensed and the nuclear membrane had 
disappeared. Lamina propria (p). 
Uranyl acetate and lead citrate, X 2.700.     
 
 
 
Figure.52. A micrograph of  proximal small intestine in male rabbits, 18 days 
of age, the intestinal gland showing epithelial cells in different shapes (c), large 
nucleus (n) and intercellular spaces (arrows), mucous cell with mucous granules 
(g), basement membrane (b) and lamina propria (l), blood vesseles (v), fibroblasts 
(f). 
Uranyl acetate and lead citrate, X 4000.  
 
 
 
 
 
  
 
 
  
Figure.53. A micrograph of the  proximal small intestines  in male rabbits at 
24 days of age, showing the columnar cells of the surface  epithelium with apical 
microvilli (mv) and nucleus (n).  
Uranyl acetate and lead citrate, X 4000. 
 
 
 
 
 
Figure.54.  A micrograph of the proximal small intestine in male rabbits at 24 
days of age, showing crypt epithelial cells with nuclei (n) and cell with secretary 
granules (sg). Note the cells with pale cytoplasm (c) and lamina properia (L).  
Uranyl acetate and lead citrate, X 4000. 
 
 
 
 
 
 
  
 
  
Figure.55. A micrograph of the proximal small intestine in male rabbits at 30 
days of age, showing columnar cell with apical microvilli (mv), vacoules (v), 
nucleus (n) phagosome  (p) and lamina propria (B). 
Uranyl acetate and lead nitrate, X 2. 700.  
 
 
 
 
Figure.56. A micrograph of proximal small intestine showing cells junctions 
(arrows) in male rabbits at 30 days of age. 
Uranyl acetate and lead citrate, X 8000. 
 
 
 
 
 
 
 
 
  
 
  
Figure.57.  A micrograph of distal small intestine in male rabbits at 0-day of 
age, showing columnar cell containing, dilated cisternae of rough endoplasmic 
reticulum (rer), vacoules (v), mitochondria (mi), nucleus (n), tight junctions, 
intermediate and desmosomes (thin arrows) and lateral memberanous 
interdigitation (thick arrows). Goblet cell with premucin droplets (G).  
Uranyl acetate and lead citrate, X 5000. 
 
 
 
 
Figure.58.  A micrograph of distal small intestine in male rabbits at 0-day of 
age, showing crypt epithelial cells with apical microvilli (mv), vacoules (v), 
dilated cisternae of rough endoplasmic retriculum (rer), mitochondria (mi). 
Endocrine cell (E), with mitochondria (mi), secretory granules (sg) and nucleus 
(n). 
Uranyl acetate and lead citrate, X 5000.  
 
 
 
 
  
 
  
Figure.59. A micrograph of distal small intestine in male rabbits at 6 days of 
age, showing the absorptive cell with apical microvilli (arrows), dilated cisternae 
of rough endoplasmic reticulum (rer), vacoules (v), free ribosomes (f), and goblet 
cell with premucin droplets (G). 
Uranyl acetate and lead citrate, X 6. 700. 
 
 
 
 
 
Figure. 60. A micrograph of  distal small intestine in male rabbits at 12 days 
of age. The columnar cell with microvilli: mv, mitochondria (mi), granules with 
low electron density (e), phagosomes (p), nucleus (n) and blood vesseles (s) 
Uranyl acetate and lead citrate, X 4000.   
 
 
 
 
 
 
  
 
  
Figure.61.  A micrograph of distal small intestine in male rabbits at 18 days of 
age, showing columnar cell with apical microvilli (e), vacoules (v), dilated 
cisternae of rough endoplasmic reticulum (rer), and nucleus (n). Goblet cell 
containing premucin droplets (mg).  
Uranyl acetate and lead citrate,X 5000. 
 
 
 
 
 
 
Figure.62. A micrograph of distal small intestine in male rabbits at 18 days. 
Note the apical microvilli (mv), vacoules (v), dilated cisternae of rough 
endoplasmic reticulum (rer), granules with low electron density (eG), goblet cell 
(g) and interacellular space (is). 
Uranyl acetate and lead citrate, X 5000. 
 
 
 
 
  
 
 
  
Figure.63.  A micrograph of distal small intestine in male rabbits at 24 days of 
age, showing columnar cell with apical microvilli (mv), elongated nucleus (n), 
intercellular spaces (is), basement membrane (b) and lamina properia (L). 
Uranyl acetate and lead citrate, X 2. 700.  
 
 
 
 
 
Figure.64.  A micrograph of distal small intestine in male rabbits at 24 days of 
age. Note the junctions between the absorptive cells (de), and microvilli in cross 
sections (mv).  
Uranyl acetate and lead citrate, X 8000.    
    
 
 
 
 
 
 
  
 
  
Figure.65.  A micrograph of distal small intestine in male rabbits at 24 days of 
age, showing endocrine cell containing mitochondria (mi), nucleus (n) and 
polymorphic secretary granules (sg). 
Uranyl acetate and lead citrate, X 10. 000.  
 
 
 
 
 
 
Figure.66. A micrograph of caecum in male rabbits at 0-day of age.             
A columnar cell with apical microvilli (mv), tight, intermediate junctions and 
desmosomes (arrows), large electron dense material (ld), mitochondria (mi) 
and lateral memberanous interdigitations (l). 
Uranyl acetate and lead citrate, X 5000.  
 
 
 
 
 
 
  
 
  
Figure.67.  A micrograph of caecum in male rabbits at 0-day of age, 
showing a goblet cell with premucin droplets (mg) and microvilli (arrow) on 
the surface of columnar cells. . 
Uranyl acetate and lead citrate, X 5000. 
 
 
 
 
 
 
Figure.68. A micrograph of caecum in male rabbits at 0-day of age, showing 
an endocrine cell with polymorphic secretary granules (sg) in the crypt. 
Uranyl acetate and lead citrate, X 5.000. 
 
 
 
 
 
 
  
 
  
Figure.69. A micrograph of colon in male rabbits at 0-day of age, showing 
columnar cell containing microvilli (arrow), vacoules (v), nucleus (n) and a 
goblet cell with premucin droplets (mg). 
Uranyl acetate and lead citrate, X 5000. 
 
 
 
 
 
 
Figure70.  A micrograph of colon in male rabbits at 6 days of age. Not the 
columnar cell with apical microvilli (mv), mitochondria (mi), large material 
with low electron density (ld) and intercellular canaliculus (ic). 
Uranyl acetate and lead citrate, X 4000.    
 
 
 
 
 
  
 
  
Figure.71. A micrograph of colon in male rabbits at 6 days of age, showing 
crypt epithelial cells (cc) with intercellular spaces (is) and endocrine cell 
containing polymorphic secretary granules (sg). 
Uranyl acetate and lead citrate, X 8000.   
 
 
 
 
 
 
Figure.72. A micrograph of colon in male rabbits at 24 days of age, showing 
an endocrine cell with large nucleus (N) and polymorphic secretary granules 
(sg). Note the presence of intercellular spaces (is). 
Uranyl acetate and lead citrate, X 6.700. 
 
 
 
 
 
 
 
  
 
  
Figure.73. A photograph of the fundic region of the stomach in male rabbits 
at 6 days of age. A strong PAS positive reaction is found in the surface 
epithelium (s), the neck of the fundic glands (n) and fine glycogen particles 
(g).  
PAS stain without counter stain, X 10.   
 
 
 
 
    
 
Figure.74. A photograph of the stomach fundic region the surface 
epithelium and the upper part of the gastric gland showed strong positive reaction 
to PAS stain (s) and fine glycogen particles (g) at 30 days of age in male rabbits.  
PAS stain without counter stain, X 10. 
 
 
 
 
  
 
 
  
Figure.75, a.  A photograph reveals positive reaction to PAS stain in the 
proximal small intestine in male rabbits at 6 days of age specially in the surface 
epithelium striated border (s) and fine glycogen particles are found in the cell 
cytoplasm (g). 
PAS stain without counter stain, X 10.  
 
 
 
 
 
 
Figure.b. A photograph showing positive reaction to PAS stain in the proximal 
small intestine surface epithelium striated border (s) and the cytoplasm of the 
goblet cells (b) in male rabbits at 6 days of age. 
PAS stain with diastase, with out counter stain, X 10.   
 
 
 
 
 
  
 
  
Figure.76, a. Glycogen particles (g) and phagosomes are clearly visible (p) in 
the mucosa of the proximal small intestine in male rabbits at 18 days of age  
PAS stain without counter stain, X 10. 
 
 
 
 
 
 
Figure.b. The proximal small intestine in male rabbits at 18 days of age 
showing the positive reaction to PAS stain in the striated border of the surface 
epithelium of the intestinal villi. 
PAS stain with diastase, with out counter stain, X 10. 
 
   
 
 
 
 
  
 
 
  
 
 
 
 
